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PREFACE 


The recent Educiation Act, in its relation to instruc¬ 
tion in Continuation Schools and Classes, makes it 
desirabli*, if not absolutely necessary, that textbooks 
of an elementary nature should appear, such books 
dealing with the Science subjects most closely corre¬ 
lated to each large industry. Some knowledge of 
Eilemdntary Science is essential, not only to the stu¬ 
dents of Cfmtinuation Schools and Classes, but to 
practically all who wish to prosecute intelligently the 
study of the technology of any particular branch of 
industry. 

There are very few science textbooks which refer 
particularly to the textile indu.stry, and it is hoped 
that this book-"-the first of two parts on Textile 
Mathematics—as well as other books which are to 
be published* shortly,* will supply, in part at least, 
this want in textile literature. 

Xhe general principles involved in all preliminary 
bookj on Mathematics are idenfical, fdthough these^ 
principles may b^ explained in fliffere^t ways. The 
present book,*while embgdying these comjnon prin¬ 
ciples, cfiffers from the usual books^on ^e subject 
in that |^e principles are explained sp as to appeal 
to teiftile students, wjiile practically all tjiitr examples 
and exercise bear flirectly on the problems of tAtile 
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CHAPTER I 

INTRODUCTORY 

Mathematics is the science of quantities, not merely 
of quantities in tliemselves, but also of the exact and 
definite relation between simpl# quantities and sets of 
quantities. ^ 

^ In textile work of all kinds, the solution of practical 
problems deinands exatt and definite relations between 
certain sets of quantities. To take a simple example, 
one speaks, say, of a No. 8 yarn; the significance of 
thi# number varies greatly according to the fibre of 
which the y^rn is composed, amd according to the, 
district in which ik is spun and woven. . If the yarn is 
made o^ cottoTi fibres^ N« 8, ^or simply 8*,.will mean 
that in i lb. of the yarn tjiere should b^ 8 hanks, 
and eadihank should jneasure 840 yd. in length. If 
the yarn Is linen or flax, 8 lea^ of 300 yd.,each should 
weigh I Ib.» while* if the yarn be jute, 14,4130* yd. 
should weigh 8 lb. * , 

^In ?acl? se the,figtye 8 expresses a definite re¬ 
lation between the length and the weight of*a certain 

quantify of «?rn, and it is usually possible to compare, 

* 
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with little trouble, two or more yarns of different 
numbers. The number 8 actually indicates in the first 
two 'cases the relation between the lengths of yarn 
contained in a fixed weight, while in the case of jute, 
the same number shows the relation between*a certain 
weight and a fixed length. All yarn tables are 
founded on one or other of these two bases; if it were^ 
practicable to number yarns according to tlieir dia- . 
meters, such a basis would possess obvious advantages 
over the others when dealing with questions affecting 
cloth structure. 

Practically every person has at least an elemtmtary 
knowledge of mathematics, although tlnf knowledge 
may not be ;-ecognized by that name. In many in-< 
stances the mathematical^ principle involved is applied 
only to particular cases, and no notion of its general 
application is entertained. It is the purpose of the 
following pages to shew the mathematical principles 
underlying many kinds of textile cal;;ulations, and to 
show the application of general mathematical ideas to 
what are apparently intrinsically different problems. 


CHAPTER II 

« f 

SIGNS AhtH DEEI.NrnOl 5 s 

r • # 

In the manipulation of quantities there are, in reality, 
two elemSnfary ideas ijivolved-i-that of additicfn and 
thaf 6f subtraction; for multipfication, may be re¬ 
garded a^a quick method of continued addition, whij;; 
division ^may be regarded af a jprocess^ftPcofitinued 
subtraction. In every case all quantities may De 
‘fhanipulated to obtain the desired resul^ byjone or 
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‘ more* of these four operations, viz. addition, sub¬ 
traction, multiplication, and division. 

To save time and trouble these operations arer de¬ 
noted by signs, as under: 

The sign 

+ known as plus stands for addition. 

- minus ,, subtraction. 

X , , multiplied by ,, multiplication. 

-F ,, divided by ’ ,, division. 

Again: 

The sign =* known as equal to stands for equality. 

,, = is used for approximately egual to. 

~ ,, to imply difference between. 

,, 00 means infinity. 

„ ; ,, is to. 

The undermentioned numbers and signs, 

6 - 1 - 4 = 10 , 

art read, b’added to 4 equals 10, 
or, 6 plus 4 equals 10. 

t 

This is a “numerical equation’’, al^hougltatvery simple 
one, and impnes that the terms on the left-hand side 
of the sign = are of the sagie value as tfte single tferm 
on the ri^ht of the sarrte sign. • In a somewhat similar 
manner we may introduce 'other sinlple numerical 
equatiems*as under: 

lo - 6 = 4, 

,t^d read, to minus 6 equals 4. 

^gain, * ' 


6 X 4 = 24 
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means that 6 multiplied by 4 is equivalent to 24; 
while 

24 4- 4 = 6 

indicates that 24 divided by 4 is equivalent to 6. 

It is important to note that however many numbers 
appear on each side of the equality sign ( = ), those on 
one side are exactly of the same value as l^e simple*^ 
number or group of numbers on the other side; this 
statement is true for alf tlie different kinds of signs 
atteiUled by numbers or the like which are connected 
by the sign (■-) of eijuality. , 

Many simple numerical equations nee^ all the first 
live signs winch appear in the above four exaniplesj 

'I'hus 

(6 + 4) - (4 X 2) + !(i8 -f 9) X 4! = >2 

means that the so-calied “expression” on the left of 
the mark = would, when simplified, have the value 
I 2 . 

(Dll the left-hand side of t^te above equation are 
three ptiirs of numbers, 6 and 4, 4 and 2, and 18 and 9, 
enclosed in what are known as brackets ( ). The 

last pair, t8 and 9, and also their brackets anti the 
number 4, dre enclobed in a larger bracket 1 }, while 
a still larger, groi!^ of bracketetj sets mky appear 
within b(ackets marked [ «]. It will be seen that it 
is necessary to have differentfy-marked brackets in 
order to avoid mistakes. , 

In the'a^ove equation the {thickets, and-indbed all 
the'sfgns used, have exactly the‘same rpeaning as in 
ordinary'arithmetic; arithmetic is simply a branch pf 
the parent subject of mathematics. Th^ Uradkets, in 
particular, are used to group together quantities whifch 
‘have to be treated as single simple quanj^ties. ^ Thus, 
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the a*bove equation means that 6 js to be added to 4, 
giving 10; that 3 is to be multiplied by 2, giving 6; 
that 18, is to be divided by 9, giving 2, and this 2 
multiplied by 4, giving 8; and further, that the pro¬ 
duct of3 and 2, orb, is to be subtracted from 10, giving 
4, and, finally, 8 is to be added to this 4, resulting in 12, 
^the answef or single value on the right. All these 
• operations may be set down brielly in the following 
manner: 

(b + 4) - (3 X 2) -p i(i8 2 ()) X 4I --- 12 

^ 10 - b + (2x4) - 12 

I o , — b 4- 8 12 

or 4 4- 8 ^=12. 

5 1 

The foregoing example of a numerical equation 
deals essentially with a particular case; in many in¬ 
stances general results are required, and these general 
results can only be obtained by using symbols instead 
numbers. The most convenient symbols are the 
letters of the piphabet;' although atiy kind of marks 
could be made to serve the purpose. When a group 
or groups of letters appear on the left side of the 
equSlity mark ( = ), and another .set appears on the 
right side of\|ie same mark, the^rrangement is said -1 
to be an algebrafcttl equation ". 

An algebraical equ^tiot? of^the same fonn as the 
> above numerical equation nviy appear as follows: 

• (a*4- b) - (c xjF) 4- \(e 4- /) x A| = xv. 

The bracket containing e and / may be removed first, 
and th»'equation simplified: 

f! , 

{a -^b) ~ (c X d) + Ij X (^1 

I t 


X. 
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Then all the brackets may be removed, and the'equa- 
tion stated as under: 

a + b - cd + 


Note that cd means c x d, the product of c and d\ 

6 ' 

and tliat ^ means c -I- /, the quotient of e and f. 
The simplified form, 


n T —* cd T 


cb 


Xj 


is at present unsolved, and cannot be solved.unless 
values are given to all the letters but oite. Supp>ose 
that a = 6, b ~ 4, c = d = 2, e = 18, and /'= 9» 
Then we can find the value of .v by replacing' the 
various letters by their numerical values. Thus, we 
change 


’a + b - cd + ^ = a: 

to 6 + 4 - (,3 X 2) + ^ a-, 

or 6 + 4 - 6 + 8 = X, 


whence 12 ~ a 
or .V = 12. 


The principal p0int to notice, ^t this stage is the 
fundamental 'difference between the two examples. 
The arithjnetical e([uat 1 on is a [Particular case* and the 
answer must afways be 1*2, because the equation deals 
only with definite and concrete quantities.- On the 
othtivhand, the algebra'ical equation is a^general case, 
because .* may be of different values, according as we 
change the values of the remaining lethil's, *nd the 
equatioif is correct irrespec'tive'of whatever concrete 
Values may be assigned to the symbo^. It ij not 
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difficiflt to see that if, in the above example, fl = 5 
instead of 6, the value of .r must be 11. 

Exercises, with answers, on p. 107. 

CHAPTER HI 

REMOVAL OF BRACKETS 

The use of brackets is attended with one difficulty, 
that of.their removal when an expression or an equa¬ 
tion requires-to be simplified. 'I'he following instruc¬ 
tions should be carefully noted:— 

!.» When the sign immediately preceding the first 
bracket of a pair is positive ( + ), the brackets may be 
removed and the signs unchanged without altering 
the value of the expression. That is to say, 

^ +. (J' - ") = X + v - 2. 

•This process may be proved as follows: -Let the 
lengths of the straight lines AB, BC, and CD or DC 



B 

B C 

, 1 . y_ 

D 

0, 




'i' 

A 

z*(y 

B « D 

. 1. ' ^ r 

c 

i 

1 


< 

Fig:. 1 

r 



(fig. i), represent to any scale the values of" x, y, nitd z 
respectively. Lines AB and BC from left to right 
m^ bt ctiifsidered positive, while CD, being from 
ri^t to left, may be co’nsidered negative. ' To the 
length AB j^in the length BC, and cut off from the 
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latter the length CD. J'he length now remairfing i.s < 
clearly ABD. The result is evidently AD, and AD 
is therefore equal to .r + v — a. Now AB — x, and 
BD - {y — s), so that .v + {y — s) = x + y — z. 

2. When the sign immediately preceding the first 
bracket of a pair is negative the brackets may 
also be removed without altering the value of the 
expression, provided that all the positive .Mgns_withiA^ 
the bracket are made negative, and all the negative 
signs within the bracket made positive. That is to 
say, 

.Y - (y - z) X - y + z. 

X — (y — z) really means .v — (— z) 

= .Y - y + z. 

• * 

This process miiy aisp be demonstrated in a siiViilar 
manner to the above. Again, let the line AB = x, 
BC = r, and CD = z. 

Draw AB or a: (fig. 2) to the right, BC or y to the 


B C 


B C 


O , 


A D 
V 

Fig-. 9 


f 


left, and* Cl? or z to the right; the* result of these 
three is tgain. A 15 . , 

Now, ^ X — {y — z) =*. AB — DB • 

‘ ’ ' = ab'-^ bF^cd 

, • = X — y + z. 

Example i. —Prove that < 

■ • ’ 7 -*(4 + 2) + (3 -«)-(- 24 + 3) = 17 ; 
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This t>ecomes 7-4-2 + 3- 8 + 24-3= 17 
after removing all the brackets as explained. Now, 
collect all the positive quantities and all the negative 
quantitie's from the lower line. 

J + 3 + 24-4-2-8-3= 17. 

34 '7 = ' 7 - 


Example 2 .—Simplify the expression 


3.V - 9 +v 

- 12 

8.Y + 12 


2 

4 

1st step: xt— 3 + (2.V 

-6)- 

( 2 '' + 3 )- 

,2nd step: .v — 3 + 2a- 

- 6 - 

2X — 3. 

3rd step: .r - 3 — 6 - 

3 - 



Final step; x — 12. 


It is worth noting that the division sign, i.e. the 
line separating the numerator from the denominator, 

in,-^—? acts in the same way as a bracket, because 

3 • 

it compels one*to work out each of the terms in the 
group as if each were enclosed in brackets. 

Example j .—Prove by removing the brackets that 


3a:* + 12 » 2.r - 4 

4 ’ 3 * • 


- 34 -«,^ 
9 


* 39 ^ 

^6 


+ 2. 


• t 

I. Find the least common jnultiple of 4,^3, and 9, 
as in arithmetic; the L.C.M. is 36. Then say 4 into 
,36 = 9 for the first ^roup, and we have 4 ; ^2) 
for the numertitor. Do this for each of the remaining 
tW8 groups,,^d the result will be • 

9(3^4- 12) - t2(2x - *4) -4(21 - 34a-) _ I39 a- ^ 
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2. Now multiply each term within the brack'ets by 
the number outside tlie brackets, and we obtain 

(27.V + loS) - (24.V - 48) - (84 - 136.V) ^ U39.r 

4. Remove all the brackets as^ explained, and then 
obtain 

• > 

27.V + loH - 24-v + 4 ‘^ - 84 4 - 1^56^ _ • 

3 b . " ■ " - 46 

4. For convenience only, collect all terms which 

contain .c, and arrange as follows: ^ 

27 V - 24.V + I 46.V + 108 + 48 — 84 ^ 149.V 

^ ' .5 - + 2- 

5. Find the vilue of*the terms involving .r, as well 
as those which do not contain .v. 


,'39;''-l• .72 ^ L39A' , 2 
46 36 


b. Cancel out 36 and 72, and we have 


139-^ + , 

3 b ■ 


149.T 

36 


+ 2. 


The left-lvind side of the original equation has now 
been reduced to^*its simplest form, ^and the resul^ 
proves that .the two sides of thfe equation were equal, 
as indicated by the niark*( = ) of equality, v 
Exerefses, with anstwers, on p. 108. 
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CHAPTER IV 

SYMBOLIC NOTATION 

It is most useful, and sometimes absolutely essen¬ 
tial, to be able to convert a mathematical expression 
Cr law or^ tule into words, and also to be able to 
represent any law or rule by means of symbols. The 
following examples illustrate Various forms, and indi¬ 
cate how a rule may be expressed by means of 
symbols- they also show how mathematical expres¬ 
sions may b^; put into words. 

^ Example if .—The pitch of a .screw is in. How 
marty threads are there per inch? 

The pitch of a screw is the distance, centre to 
centre, of two neiglibouring threads, as indicated in 
two places in fig. 3. 



t'K- 3 

In the above^ exirrtple there is i thr^jid in -jV 
hence • » ’ , ’ 

16 . * 

I m. fV in. or i x — *= 16 threads in i in. 

* • * 

• • • ' 

The pitch is J:herefo 1 -e the reciprocal of the thfelds 
p^r inch. Any two numbers of which the pfodpct is 
unj^y ar? Jelled reciprocal numbers. Thus 5 and | 

are reciprocals; so are ®tid 12; * is the reciprocal 

J. ^ 2^ 
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X V 

of a\ 5 is tlie reciprocal of I or i J ; and - and - are 
reciprocals, and so on. } x 

In Example 4, ,V is the reciprocal of 16; hot .(V in. 
is the pitch of the screw, and 16 is the number of 
threads per inch. These particulars may be embodied 
in a mathematical law;—The jfitch of a screw in 
inches is the reciprocal of the number* of threads 
per inch. In symbols, * 

if / = the*pitch in inches, 
then i = the threads per inch. 


Further, if / = the threads per inch, file pitch will 

be ', because p and ' and i and are two pairs of 
I » p » I 


reciprocals. 

Example 5.- The fly-wheel of a mill engine makes 

240 revolutions per* minute (often abbreviated to 

, , a*io revs. 

240 r.p.m.). 1 his IS equivalent to ^ - =4 revs. 

00 S0CS* ^ 

per second. 1 low long doe% it takij to make one 
revolution? 


RcKoIutionb made, j Time taken. 

^ 

^•240 I nfiin or 60 sec. 

• 4 • ! sec. • 

\ ‘sec. • 

J sec. 

• _^ . 

*Nbte that J is the reciprocal tif 4, aijd i sec. is an 
interval bf time. 

j sec^ reciprocal 6f a*time interval, brigfly 

termed a frequency. If the fly-wheel^^evolyes once 
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in I sec., it will revolve 4 times in i sec.; in other 
words, its frequency is 4. 

Example 6 .—Express V ft. per minute, in feePper 
second. 

Since i sec. is part of i min., it follows that 


V ft. per minute 


g- ft. per second. 


Example y.—A mill-engine uses S lb. of steam 
per hour when its load is H horse-power. How many 
pounds of steam will it use in D days if it runs t hr. 
per da}? What are the meanings of the following 


. S H,, 

terms: 1) x /; jj; ,, r 

t 11 ^ ^ 

Rie engine uses S lb. of steam in i hr. 

It will use S X ? = S/ lb. of steam in t hr. per day. 
,, .S? X D = S?D lb. of steam in D days of 

? hr. pach. 


D X / = D/ = .D days of ? hr. each 

- the total time the engine is running. 

S «_ pounds of steam per hour 
H horse-power developed 


= ,the pounds of steam used per hour for each horse¬ 
power developed 

= the pounds of jtgam per horse*power hour. 

S . * 

This ‘ratio ^ is commonly* used to co^npare the 

H • • 


relativf efficiencies of different classes and^ types of 
steam-engines. 

H* _ horse-power developed 
" pounds of steam per hour 
the horse-power developed per pound of steam 
. , per^our. 
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is the reciprocal of so that the !b. of steam per 

horse-power hour is the reciprocal of the horse-power 
(h.p.) developed per pound of steam per hour. 

Example S .—A loom runs at 200 picks per minute 
on cloth requiring 40 .shots per,inch. If the loom 
loses 15 per cent of its possible picks through un¬ 
avoidable stoppages, find its production in»yards per, 
day of 9 hr. 


200 picks per minute x 60 min. per hour 
- (200 X 60) picks per hour. 

(200 X 60) picks per hour x 9 hr. per ddy 
^ (200 X 60 X 9) picks per day. 

, I 

If 15 per cent picks are lost, then 85 per ce»t of 
picks are effectiv6, and we have 


200 X 60 X 9 X - -4s7 
100/ 


total effective picks per day. 


There are 40 shots per inch, so that 


200 X bo X 9 X 85 
100 

200 X fX) X 9 X 85 
100^ 40 


4 

4 - 40 


= inches of cloth per day. 


There are 36 in.»per yard, ther^efore 

200 K 60 X 9 X 8s • 

-?-*’ 4. 36 . 

too X 40 


200 X 60 X 9 X 85 
100 .X 40 X 36 , 


6^.J5 yd. per day. • 


In the*above arithmetical example there are alto¬ 
gether 7 terms, 3 of which are variabl|*f?ir ally par¬ 
ticular iloth, the remaining 4 being constant forSiy 
particular weaving factory. The const§nt term£ are 
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6o, 9, and 36, r(-pre.scntiny‘, respectively, minutes 
per hour, hours per day, and inches per yard, and 100 
the percentage basis. 

= yards of cloth per loom per day; 

= percentage of effective working time; 

= picks per minute, the loom speed; 

^‘shots of weft per inch. 

c X /> X j 5 o X 9 
too X X 36 
60 X 0 X (' X /> 

~ too X 36 X ,f 
60 X 9 ^ ep 

too X 36 J 

= X ' 

20 A' 

or 

~ 20 s s' 

•The above numerical example can be checked by 
the latter expit;ssion, t?ius, 

• 15 ep 

y = -V^- 

^ _ • '5 ^.5 

• • 40 

* = 63-75 per day. 

Examplg 9.—Express^!! words, 

/I * \ 

(* X ac) - 

Tihe Sbove eignifie? th;»t b is to be multiplied by 
the product of a and c ; that a is to be divided by the 
prodoct,of b Jpd c\ ^nd that the value or quotient of 


Let_y 

e 

P 

and j- 

Then, 



i6 TEXTILI5 MATHEMATICS 

the second group of symbols is to be subtracted from 
the value of the first group contained in the brackets. 

llxample /o. —The picks or shots in any cloth, 
multiplied by the reed width in inches, multiplied by 
the cloth length in yards, and the product of these 
three terms divided by 840, is equal to the hanks of 
weft in a piece of cotton cloth. Express this value in 
symbols. 

Let .S shots'(or picks) per inch; 

E reed width in inches; 

C - cloth length In yards; 

H = hanks of weft in the clyth. 


Then, 

H 


.S >f R X, C 
840 


S RC 
840 


hanks. 


Exercises, with answers, on p. 109. 


chapteIi V • 

RECTANGLES AND SQUARES 

• * ■ ^ 

The two lines i^*a compass which cross each other 

and which fjfiint respectively to •North and South, 
and to East and Wfst,*are jperpenflicular, to each 
other, or %t right angles to each other, because each < 
pair of adjacent lines from t^ie crossing-p»int C, in 
fig^ 4, en>braces one*-quarterr of the 360 degrees, 
or = 90 degrees. It will be ewdent that 90 
degrees 1[one right angle) will be enclosed between 
two pejjpendicular lines whetljer such linei* bet of 
,j.equal length or of different lengths. Thus the line 
EB, an extension of the line JVE, longer*than 
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the line NS, and the line WB is considerably longer 
than the line NS, but all the angles in the figure 
are right angles. The four heavy lines whicli •cir¬ 
cumscribe the ring or circle are all the same length; 
these four heavy lines constitute a rectangle as well 
as a square. The, dotted extension in conjunction 
j^ith the east side, H, is also a rectangle, but not a 
.square, ai»d the complete outline of the figure in the 
illustration is still another byt larger rectangle. 


N 



*Thk Rectan'ole. —A rectangle is thus a 4-sided 
figure in which all the angles are right angles, and 
in which two parallel sides are perpendicular to the 
othe» two parallel sides. 

This. Square.—A square is Jt 4-sitfecf figure in 
’which all the sides ane of the samelengili, and all,the 
angles are rigltt angles. • • 

Fig. 5 is a rectangle 6 units long and 4 units 
broad. has four sitjjis—AB, BC, CD, and DA. 
The side A'B = the side CD, i^nd the side JiC = the 
side AD. Tlje words “the angle enclosed bettveen 
tv^ adjacent sides AB and BC ” may be t?xpr.essed 

by,'?\BC. TBe four angles A^C, BCD, CDA, and 

DAB aj-e alj, right^ angles, that is, each angle is 
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equal to go'. If AI 5 is divided into 6 equal' parts 
by the points i, 2, 3, &c., and BC into 4 similar 
eqiftd parts by the points 6, 7, 8, &c., apd lines 
drawn from tiiese points parallel to two adjacent 


D 13 12 n 10 9 c 



A' 1 2 . 3 & 5 B 


•t'ii,' 5 


sides, the rectangle is divided into 4 rows of 6 little 
squares each, or all6gether 24 little squares. Each 
square is i unit long and I unit broad, and is called a 
square unit. The whole area of the rectangle thus 
contains 24 sq. units. 

But 6 units X 4 units = 24 sq. units; hence 
length X breadth -- area of rectangle. , 



E. F 


If the linea/unit is 1 in., 
the unit<of area w'ill be 1 sq.' 
in.; similarly, if the linear 
unit be i yd., the unit of. 
arej will be i sc^ yd., and 
so op. 

Again, vvitl\a square, such 
as that in fig. 6, the sitjes 
E^, EG, GIi.‘a‘nd*HE^are 
all equal, and the 4 angles 
are right angl^|s. i»clear 
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that ftach bide is 4 units long, and that there are 
16 sq. units in the area. 

Area of square = length of side x length of sifle 
= side squared, or side'-. 

Side- means side multiplied by itself. In the same 
j^ay we ^lave 4" = 16; 8- --- 64; — a x a; 

B.V“ A, Ntc. 

Symbolically, let 

A - area of rectangle ; 

I — length of long side ; 

, b — breadth of short side. 

Then, A = I x b, 

^ or A = lb. 

In such an equation, A is said to be given explicitly 
in terms of I and b, and that / and b are only given 
implicitly. It is most important to note, however, 
that if any equation is stated in the form A = lb, 
that one can also find the values of I and b. Thus, 
if we divide each side*of the equation A = lb hy b, 
we obtain 

A _ lb 
b ~ b' 


Then, by cancelling the two A’s on (he right hand 
side of tile eqiftility m/irk f=),,we get • 




ImVords, the length ^f a’rectangle is equal t» its area 
divided by i^ breadth. 
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By a similar method it may be shown that 



Again, let A - the area of a-square, 

and r == the side t)f same square. 

Tlien, as indicated above, 

or ,v- -- A. 

If the square root of eacli er|ual quantity is •taken, 
we have 

>/.r- ~ >/A, 

or V = ^A. 

In words, the side of a stiuare is equal to the square 
root of its area. , 

In making use of these rules, it is essential that the 
units of area and length should correspond. Thus, 
if the square or rectangle be ijieasured in inches, the 
area will be in square inches; if the area be in square 
yards, the length will be in yards. 

A knowledge of the following tables must be 
acquired:—* * • 

• I. ‘Linkar Measure 

12 inches =• i foot. • 

3 feel = s yard. 

5i yards = i pol» or perch. 

40 'poles =s 1 furlofig, or 220 yards. 

8 furlongs, = i mile, or 1760 ^ards, or 
5280 feet. 
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II. Square Measure 


144 square inches 
9 square feet 
3o| square yards 
40 squaiU poles 
4 roods, or 4840 sq. yd. 


= I square foot. 
= I square yard.* 
= I square pole. 
= 1 rood. 

= I acre. 


It is.als^)’useful to remember the length known as a 
chain (Gunter’s chain). This is e.xtensively used in 
land surveying, and is etiiial !o 22 yards, or „Vith of a 
mile. 

hxcunple II .—A piece of canvas is 24 in. wide and 
50 yd. long.* What is its area in square yards? 

Length = 50 yd. 


Breadth 

Area 


= 24 in. -y 36 in*, per yard 
= / X /; 


£4 

36 


yd. 


= 50 X 


24 

36 


too* 

3 


33:j sq- yd- 


'Example 12. —A small sample of cloth measures 

2 in. square and weigfis 28 gr. Bind the weight of 

the cloth in ounces per square yard. (7000 gr. in 

J 437i gr- in i oz.) 

. Are^-of sample = side^ , 

* , , = 2 X 2 J 4 sq. in. 

Area«f i yd. = ^6 x 36 = 1696 ^q. in'. 

28 gr. ‘ •*, r 

. - = weight of 1 «q. in. 

4 sq. in. ® ^ 

.'. Weight of I sq. )^di* = ^ 

28 X P2q6 

=-^ oz. 

, 4 X 437i 
= 20-736 oz., 

•or weigilt of cloth = 20-736 oz. per square yard. 
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Example /;. — A cotton carding-room measures * 
lo8 ft. long by 48 ft. wide. It contains 36 carding- 
eiifjines each occupying a lloor space of to ft. 4 in. 
by 6 ft. Find the area of the floor, the area actually 
occupied by the machinery, and the ^irea taken up for 
passes and the like. 

Area of room = length breadth 
= 108 ft. X .^8 ft. 

, = 5 i «4 ft- 

Floor space for i engine = to', ft. x 6 ft. 

= 62 S(|. ft. 

Area occupied by 36 engines = (62 x 36) s(i. ft. 

= 2232 sq? ft. 

Area left for passes = (5184 — 2232) sq. ft. 

= 2952 sq. ft. 


Example 14. —Find the cost of paving a passage 
in a factory, 88 ft. long by 9 ft. wide, at the rate of 
47r. per square yard. 

Area of passage = length x breadtli 
= 88 ft. X 9 /t. 

= (88 X 9) sq. ft. 


= 88 sq. yd. 


_ 88 X 9 

~ 9 sq. ft. per sq. yd. 

Cost of pa<vitig = ,88 sq. yd. x 47^. pe^’sq. yd. 

-•4136^., or .^?q^, i6f. • 

* * . • 

Example /j.—Find jhe cost of a carpet, 27 *n. wide, 

at los. per yard, foi the complete covering of a 
room 22 ft. long by 18 ft. \w.de. 


, Area oY carpet = 'area of (Toer 
, •- 22 ft. X 18 ft. 

= (22 X 18) sq. ft 
Width of carpet = 27 in! ' 

= 2J ft. 
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Length of carpet = (22 x 18) sq. ft. 2J ft. 

= 176 ft. 

. = 5^'i yd. , 

Cost of carpet = 58.-, yd., at io.r. 61/. per yard, 

. 176 21 , .... 

~ X - shillmtrs 
32 ^ 

= 6r6 shillings, or i6.f. 

Exairtpi^ 16 .—A wool-store is to be erected on a 
square plot of ground known, to contain .'i.'ibq sq. ft. 
Find the length of its sides. 

Area of .square = side^, 
and side = Varea 
= ■s/3364 

= ft- 

• • 

Exercises, with answers, on p. 110. 


CHAPTER VI 

TRIANGLES 

As the name implies, a triangle is a plane figure 
bounded by^three straight lines and including three 
angles.’ The definitions regardiiig^ the various types 
of triangles appeal* Below. 

Equilateral TriaRgle. —An equilateral triangle 
has its three sides equal, as *ABC in fig. 7. It may 
be provecf-(A^J2C. I, sl'^hat the three anglas of this 
triangle are e^ual, ana since tfie three angles of »ny 
tciangle are equal to i8o°, each ai^le of an equilateral 
triangif. is 

Isosceles TRiANcfLE.-^An isosceles triangle has 
two equal si^es, as DF and FE in triangle DEF in 
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fig. 7. It may be proved {Euc. I, $) that the hngles ' 
opposite tlie equal sides are equal; hence, if one angle 
is iKiovvn, the others may easily be found. 

ScALKNic Trianoi.i;.— A scalene triangle has three 
unequal sides, as GIIK in fig 7. , 

All the above types are named with reference to the 



lengths of the sides. ‘Triangle's may also beVlassified . 
according to the size of the angles they contain, and 
as follows:— ^ • • 

Right-angled T riXngle.— A right-angled triangle 
has one, of its angles a right angle (90°), as in the 
triangle LMN in fig 7. The angle M is^Vightan^e, 
and the*side LN opposite tfie ri^ht angle is callecfthe 
•hypotenuse. It is proved in Euc. lu 47 . that the 
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squarl on the hypotenuse is equal to the sum of the 
squares on the other two sides, i.e. m- — /^ + 

OBTUSii-ANGLED TRIANGLE. —An obtuse -anjifled 
triangle has one of its angles obtuse, i.e. greater than 
90", as angle K ui triangle GKH, fig. 7. 

Acute-angled Triangle. An acute-angled tri- 
angle has all its angles acute, i.e. each is less than 
as A§C or OKF, fig. 7. 

The right-angled triangle is a very important one 
in all branches of work; its properties enable a certain 
class of problem to bo easily solved. The word tri¬ 
angle nsay be conveniently represented by the sign -ca . 

Example —Find the length of the hypotenuse 
c4 a right-angled triangle when the other two sides 
are respectively 9 ft. and 12 ft. 

Referring to fig. 7, in the’^LSlN, 

m‘- = /--!- «*, 
m?- = 9- + 12- 
!-■ 81 + 144 
= 225, 
and m = 

= 15 ft., the length of hypotenuse. 
It Should ^so be noted that if 

m"- = /- 4 - ip, 

and if /'Jse subtracted fromSeach side of the iquation, 
then mP — P- •= 
whence n — yjmp — P. 

In the same»\vay it may be shown that 

, I = sTnP — n^. 

Notice lhat 94-16 = 25, 
or 3 ^ + 4 ^ = 5 ®- 
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Consequently, it follows that a right-angled triangle ' 
may always be drawn if the three sides are kept in the 
proportion of 3, 4, and 5. Many textile machines are 
in two or more separate parts; to take a simple 
example, a beaming-machine corvsists, say, of a 
bobbin creel or bank and the winding-on mechanism. 

g 



In order thav each part may work properly with the 
other, it is essential that they should have a' tommon 
centre-line, i.e. the centre-line of each part should lie 
in one straight line. Thus, in fig. 8, AB represents 
tht back fine of the Iseaming-machine proper trans¬ 
ferred tok the floor, and C is the middle point. From 
C mark off to left and to right the po^fitS D«and^E, 
^^eafh 3 units from C. The unit's would probably«be 
I ft., but any other suitable unit ma^i be utilized. 



TRIANGLES 


27 


WitiT C as centre, and a radius of 4 units, draw the 
arc h'G. Witli 1 ) as centie, and a radius of 5 units, 
draw the arc HK, and with tlie .same radius awd ^ 
as centre, draw the arc l.M. If correct)}’ drawn, tlie 
three arcs will jneet at a common point P. Join C 
to P, and extend the line in the reciuired direction to 
S and R. 

In the fruanyles PCD and PCh', Cl) and Ch' are 
each 3'units, PI) and Pit are each 3 units, and the 
common side CP is 4 units. 'Phe triangles are there- 

A 

fore rierht-aiifjled, the ri}>ht angles being PCD and 

A , ' 

PCE. rhe*ine R.S will thus coincide with the centre- 
yne of all the parts of the machine. 

'Wie following three statements concerning tri¬ 
angles are proved by Euclid, and are worth keeping 
in mind;— 

I. Any two sides of a triangle are together greater 
than the third sidy. (fu/c. 1, 20.) 

^ 2. The three angles of a triangle are together equal 
to two right angles. 2»x 90" -- 180°. (Euc. I, 32.) 

3. The area of a triangle is half that of the rectangle 
on the same base and having the same altitude. 
(EutfK I, 41.^ 

Any*of jhe three points or apice^of a triangle may 
be called the vertex*;’the side opposite t^e vertex then 
becomestthe base. In fig. tlje point A is t*he vertex 
of the ^ABC, and BC is tJie ba.se; simifarly, G is 
the vertex*of the ^GB^k The perpendicujar AF is 
drawn from the vertex* .A of the first triangle to J:he 

base, so that *B^A = Ah'C = fjb", and th# line AF 
measures tfi^Jieight or altitude of the triangle. The 
lirt^ ED is parallel *to tfie line BC, and hfence the 
recta/igle EBCD is on the same base, BC, as the 

(D&) - 3. 
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^ABC, and the altitude AF = the side BR.' It 
is not difficult to see, and it may easily be proved, 
that ‘the two shaded triangles are equal in area to 



the two unshaded triangles, and therefon' ^vABC 
= k reet. KBCD. Conse(|uently, 

Area of ^ABC " area of reet. RBCD 
- (BC X r.B) 

BC X AF 
'2 

_ ab 


where a ^ the alticide, and b - the ba.<e. 


LeC A = the ari'a of the triangle, 

. tt// 

then A = 


Multiply both sides of tlie equ.aTitxi by 2, then 2A = ab. 

2A 

Divide both sides of the equation by b, t|i(;n 

' 2A “t 
ora = -r-; 

» ^ . 
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that *is to say, the altitude of a triangle is equal to 
twice the area divided by the base. 

In a.similar way, it may be shown that 



i.e. the base of a triangle is “qual to twice the area 
divided bjj'the altitude. 

Example 18 .—Find the weight of a triangular sheet 
of metal intended for a sliver conductor if the base 
measures 6 ft. ii in. and the altitude is 3 ft. 6 in., 
the sheet weighing 8 oz. per square foot. 

A * 

Area 

3 ft. 6 in, X 6 ft. r [ in. 

2 

^ 42 in. X 83 in. 

2 X 144* 

12' 104 S(|. ft. 

Weight = 12’104 s(|. ft. X 8 oz. 

_ t2-104 X 8 

16 oz. per pound 
- 6-052 lb. 

In practice, it is not always pcvisible^o*obtain the 
.verticaf haight; the,following method, illustrates a 
case where it is,more convenient to measure the th’ree 
sides only. It is a common atW excellent tnethod to 
indicate the lengths of the sidfs of a triangle by small 
letters whitth correspontf to the similar larger letters 
at the opposite vertices.* This*is done in two of ftie 
triangles in fi^. 7. 

•Let*/the Semi-perimeter of a triangle, 

’ i.e. half the sum of its 3 sides. • 

i^,b, and c» = the^3 sides. 




3 ° 


TKXTII,!' MATHIvMATICS 


Then, 2,v (/ + /) + r, 

, a + h + c 
and .V - 

2 

It can be proved that the area A of a triangle is 

A = ^s(s-a) (x-b)ls-c). 

Example i <).—Find the area of a triangti^^r plot ol 
ground intended for drying l)leached hanks of yarn, 
the sides of the plot measniing 40 yd., 46 yd., and 
50 yd. re.spectively. 

Area - ^ x(s - a) {s - b) {>. ~e), 
and .V - 1, {it + A + c) 

3 (40 + 46 4- 50) = 68 
.‘.A n/68{G8 —4q) (68 —46) (68 —50) sq. yd.' 

= s/bS X 28 X 22 X 18 sq. )'d. 

7339*'<4, or 868-3 sq. yd. 

Exercises, with answers, on p. in. 


CHAPTER VII 

, QUADRILATERALS 

QuAnRiLAT;'-:RAr,.— The term vjeadrilater'al may be 
applied to any plane figuix; bounded by four straight 
lines. The square ancf rectangle are thus special kinds 
of quadrilaterals. Other special forms of quadrilateral 
are the parallelogram^ the rlii'mbus, the trapezium, 
anti the trapezoid. *' ^ 

Paral'lelogra.mI— A parallelogram is a quacjf.i- 
lateral figure in which bo(h pairs of opposife sjdes 
are parallel. The square and rectangle are thereffire, 
‘tjuadrilateral figures, or rather^ paral[^logram»; in 
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general, a parallelogram Is considered to have angles 
which are not right angliss. Kxaniples appear at 
ABCD and ItFGIl in tig. lo. 

Rito*MHUS,—A rhombus is a quadrilateral figure 
all the four sides of which are equal, and all the 
angles differing from right angles. Fl'GlI, lig. to, 
is therefore a rhomlrus. 

* The stplght lines AC, BD, KM, LN, &c., drawn 



from corner to corner in fig. to are called diagonals. 
Note that eacl^diagonal divides the quadrilateral'into 
two eqfial or unequal triangles* 

Trapezium. —A trapeziuni is a quadrilateral which 
has orue p&jr of opposite*sides parallel, as KI» and NM_ 
in the diagram KLMN* fig. i< 5 . ° • 

TrapezoiiJ. —A trapezoid is%^ quadrijateral in 
\vtiich*no t\»o sides*are parallel, as PQRS, fig. lo. 

B. —These twoUefirfitions are often revt*rsed.. 
Referring^o fig. lo, it is evident from the construe- 



3 ^ 


TEXTILE MATHEMATICS 


tion of the two upper figures, and is proved in 
Euc. I, 34, that:— 

1. * The opposite sides of a parallelogram or nhombus 
are equal. 

2. The opposite angles of a pkrallelogram or 

rhombus arc equal. • 

3. The diagonals of a parallelogram or rhombus 
bisect one another, i.e. they divide each othtr into two' 
equal parts, and also (I'vide the figure into two tri¬ 
angles which are equal in every respect. 



It may also be shown tliat the diagonals of a 
rhombus bisect each other at right angles. 

All the rides which are applicable to the soluti^m of 
triangles nm)'*also bj* applied to the solutifin of quadri¬ 
laterals, since the»latter can be,divided into two tri¬ 
angles. ,Special rules are, however, often much more 
convenient than the above method. 

Fig. II illustrates a' parallelogram ABCD on 
a base AB; this line AB i^ also the base of the 
fectapgie ABEF. * ' • 

It may,^ be provfjo! {Euc. I, 35) that Ihe area of 9. 
parallelogram is equal to that ck a recjdrfgle on tlie 
same base and having the bamd height. If ^EftSE 
j| cut off and placed in a position sq as to form 
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^y\*DF (t)ho\vn shaded in fig’. 11), a rectangle ABFl-' 
is formed. Then, 

Area.of parallelogram AHCl) = area of rectangle 
ABEF 

= AB X AF 

t= base'x perpendicular height. 

If A - area of parallelogram, 
b = base, ^ 
h perpendicular height, 
then A — bit, 

from uliich^t may be deduced that. 



and /t = , . 

b 

Example _>o.—jFind the area of a parallelogram the 
base of which is 4 ft. 3 in. and the perpendicular 
height (the Ijeight a? right angles to the base) is 
6 ft. 2 in. 

Area A = bh. 

— 51 in. X 74 in. 

= 3774 sq. ift., 

26-2 sq. ft. 

• 

Example 21 .—Find the height of n rhombus the 
area of wliich is 18 sq. ^'t., and the side 4 ft. 6 in. 

Area A % x h, * 

■w^lt^'nce A j= ^ 

= = -? = 4?t. • 

4 ft. 6 in. 4.V 
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Trai’ezium. — In fig. 12, ^LMN represents a 
trapezium with the base KL parallel to the opposite 

N M 



side MN. Join LN, and draw NT perpendicular to 
A A 

KI.; then NTK and NTI, are right angles. Now, • 
Area of trapezium I'iLiMN = area of .^^iKLN + 
area of .caLMN 

KL X NT MN X NT 

NT ' 

Taking the common factor outside, we have • 

A = (KL + MN) 

^ (KL + MN)_ 

‘ ' 2 

«> 

But KL.and'MN are th,e two parallel sides of the 
trapezium, so that ' ' , 

- - - - = half the sunt of the paralltl sjdes, 

2 

and NT js the perpendicular distance Between them, 
so that f 

Area of trapezium = J suhi of'parallel sides x the 
perpendicular distance between them. 
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If .v*and y are the pkrallel sides, and d is the per¬ 
pendicular distance between x andjt', then, since 
. A = the area of the trapezium. 



from which it may b 5 deduced that 


•d = 


2 A 

-T + y 


Example 22 .—A factory or mill site is in the form 
of a trapezium; the two parallel sides measure 6 chains 
and 8 Chains respectively, and the perpendicular dis¬ 
tance between them is 5 chains. Find the cost of the 
site at the rate of ;^75o per acre. 

Note: 22 yd. = i,chaiic. 

22'-* or 484 sq. yd. = ac. 

Area of site = area of trapezium 

== d +_->') 

2 

^ (6 4:j) 

^ 2 

= 5x7 

= 35 sq. chains 


= ,V5ac. , ^ 

Price of site = £1^6 ^ 3-5 ac. 

= 26'2625. 

• • 

Irregular QuadrilateraSs. —The ar,ea of an 
irregular quadrilateral or trapezoid, such as PQRS 
in fig. 10, is found by tfrawing a diagonal, "and cal¬ 
culating the areas o^the two friangles thus formed; 
ap^ measurements which enable t^ areas o£ the two 
triangle to’l?q found^wil! also be necessary to calcu¬ 
late the area of the quaSrilateral. The mast con¬ 
venient way ^involves only three measurements, and 
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may be termed die off-set method; it is ex'plained* 
below. 

iLxample .yj. — Find the rent, at per jcre, of a 
quadrilateral plot of qroiind of which one diagonal 
measures 15 chains, and the off-sets from it to the 
other two vertices are 8 chains jind 12 chains respec- 
tively. _ ^ . 

Referring to lig 13, ABCI) is a quadrilateral reprer 
senting the plot; the diagonal AC is 15 chains; FD 



and EB are the two off-sets of 8 and 12 chains, both 
being perpendicular to the diagonal AC. 

Let AC = d-, * 


FD = .a: 

FB ^ b. e 


Area of• quadrilaterSl ABCD = area of '^ACDl 
-P area of ^ ABC. t 

•A = (i AC X FD)‘;|- (J AC X EB) ‘ 


= ^ («+ 1 >) 


1 


= f diagonal x the sum o^ the off-sets. 
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With*tlie values given in Example 23, we have: 

A = -^(8+ 12) 

13 

= X 20 

• 2 

^ 150 sq. chains 
= 15 ac. 

Rent = 15 X ^5 ^'75. 

Exercises, with answers, ()n*|). 113. 

CHAPTER VllI 

POLYGON’S 

Polygon.—A polygon is a plane figure bounded by 
more than 4 straight lines. A regular polygon is one 
in which all the ^ides are equal and all the angles 
etyjal. 

A polygon wjth 5 sidA; is called a Pentagon. 

,, ,, 6 ,, ,, He.xagon. 

,, 7 .. M Heptagon. 

)*, ^ <8 ,, ,, an Oct^on. 

9 .1 0 ?i^Nonagon. 

,, ■ ,, lo* • ,, ,, Deepen. 

• » • _ 

• ABCJ^EFGH in fig. 14 is a ,V'gular octagon, since 

all its 8 sides are equal and ifll its angles are equal. 
If the auglJs are bisected^ the bisectors (shown in thin 
lines from the centre of the circ’le to the outer cirefe) 
will all meet *at one point, the »oentre, as stated. 
With a»radi1j£^equal ^o half the diameter, i.e. half of 
AE*^nd rotating about the common central point,, a 
circle^may be*drawn which will touch all the points 
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ABCDEFGH; this outer circle is called the dircum-' 
scribed circle. 

The dotted lines which bisect the an},des of the 8 
isosceles triangles also bisect the 8 sides of the'octagon. 
If a circle is drawn with a radius eqyal to the distance 
from the common central to point the middle of any 
of the sides of the octagon, this circle will pass through, 



or touch, all the points K, L, M, &c.' Such an inner 
circle is called the inscribed circle. 

Since the octagon is divided up into 8 equal i^sceles 
triangles, < tRe areg of the octagon nia/ be found by 
calculating yne l)f the triangles^and multiplying the 
result by 8. The general case- rrijiy be stated as 
follows. . Let the ptAygon have « sides, thdn: Area, 
of polygon = the area* of n equal triangles. 

. . 

• A = «' X ^ (whede a = Altitude, and b = base) 



,,^ut since {n x b), = the number of sidles multiplied' 
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by the*length of each, the result is the perimeter of 
tlie polygon. Hence 

(” X Z') = A the perimeter, 


so that the rule deduced ma\' be stated as follows:— 
T<j find the area A of a regular polygon of }i sides, 
■piultiply haif*the piu imeter by the perpendicular drawn 
from the centre of a side to the centre of the circum¬ 
scribed and inscribed circles. 

Exam/>/e _»/. — Find the cost of a hexagonal sheet of 
metal, in. side, at the rate of 4.^. per square foot; 
the perpendictilar which bisects the side and passes to 
thg centre is 13J in. 


Area 

A 


nab 

♦ 

2 

6 X 13^ X 
2 


16 

sq.„in. 


6 X.13-875 X 16 , 

= - sq. ft. 

2 X 144 ’ 

= 4-625 sq.’ft. 

Cost = 4-625 sq. ft. X 4^-. per square foot 
= 18,r. 6 d. 


t is pot mways convenient in practice to measure 
the perpendicular; fliiTiculty may 1% et^perienced in 
finding the exa(»t centre of the circumscribed* and in- 
Tscribed circles. Rules can bfe deduced, however, 
which are independent of the perpendicular, but these 
involve’trigonometrical’ratios of the angles of the ^ 
triangle; the cj^iscussibn of these ratios is outside the 
scope of the present chapter. 

Whe* the*ageas of ^rregular polygons are required, 
jt iS*always possible to efivide such figures* into, a 
number of trtangles, rectangles, trapeziums, or the 
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like, or into a number of each kind. Such a case is 
demonstrated in the next example. 

Example 2^.—X plan of a dining-room js repro¬ 



duced in rtg;. is. Part of the ftoor is covered with a 
carpet HSTV, 4 y.ti. by 4! yd., the remainder bejog 
covered with linoleum. Find |he whijfe'are* of the 
room, 'that of the carpet, and that coverecf*by 
.linoleum. 
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Area of floor = 2 unequal rectangles ABCL and 

NPFG, 

+ 2 etiual triangles KMII and 
+ 2 e<iiial trapeziums MNGIl and 
. PQKF. 

= (16 ft. X 15 f(.fi*in.) (4 fl. X 3 ft. (i ill.) 

♦ /i2ii*. , .. \ /2 t)in. 4 -3ft. Gin. . \ 

^ 4 - 2 ( ^-X2lt. Oin.j 4 - 2 ( X2Mn.j 

= ('<> X 15I) + (4 X 3:!;)+ 2 (i ic 2j) + 2 (,^ X l'|) 

= (248 + 14 + 2I 4- loj) ‘.q. ft. 

= 275 sq. ft. 

Art a of c^irpet - 14 ft. 6 in. x 12 ft. 

A, (1.3' X 12) .stp ft. 

• ^ — 162 St I. ft. of ('arpet.* 

Area of linoleum - 275 stp ft. — I’faa .stp ft. 

A/ - 113 ,s(|. ft. 

Notk.—T he subscript letters /, /, and r in Ay, A/, 
and A,- must not be confused with such expressions ;is 
Ai, A', and A'. In the former cases, the small letters 
are distinguishing sign.s* in the latter cases, the small 
letters are indices. Indices are fully explained in 
Chap. XX. 

ltx^cises,vvith answers, on p. 113. 


CHAPTER IX 

CWCLE , 

Circle. —A*circle is a plane figfnre encloied by a 
curved*line*c%lled th^ circumference; all points on 
thi» circumference are equidistant from the’centre, 
and tjtis distance is equal to a radius.' ABD, llg. 16, 

• ” » . 1 
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shows three points on the circumference of a circle, 
and C indicates the central point. It will thus be 
see?i that the lines CA, CB, and CD are three radii 
of this circle. Moreover, two of these radii, CA and 
CD, are in one straight line; the two radii, so di.s- 
posed, form a diameter of the <;ircle; hence, AD is 
a diameter, and all other straight lines_which touch 
two points on the cir(aimferonc(? and pass.'hrough the 


Fib' i6 


centre C are diameters. Circles are often measured 
in terms of their radii, but in practice it is perhaps 
more common to measure them in terms of their 
diameters. - 

It is found tha" the ratio between the circumference 
and the^iiameter of a circle is constant. Thus, 


Circumference 

Diameter 


approximately or -V-. 


, The exact value of the ratio between the circumference 
and the diameter cannot be Expressed in figures, 
although it may," of course, be writter^ with any re¬ 
quired degree of accuracy. TiSe above valuP, "t^, is 
roughly correct; the value 3-14 is more correct, ^ind 
is often used; ■3-142 is correct to three places of 
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decirvals;’'3-I^i6 is also often used, and is correct 
to four places of deciiuals; still more correct values 
are: 3-14159, 3-141593, and 3-1415926. This ratio 
in mathematics is }T(;nerally expressed by the Greek 
letter tt (pronounced pi)-, hence, one may write 
Circumference of circle _ 

Diameter of circle ’ 

where tt ^ V, 3‘*4> &c-t according to the 

degree of accuracy required. 

Let c -- the circum^-rence of a circle; 
r = the radius; 
d ■= the diameter; 

*Tr - the above-mentioned ratio. 

Then, “j = . • • ’. (>) 

or c = wd . (2) 

Dividing each side of the latter equation by ir, we 
have 

c _ ird 

— -^ 

JT 'IT 

(P 

whence d = ... . (3) 


defiiNtion, a diameter equals 2 radii, hence, 

,d= 2e.. (4) 

• .( 

It is occasionally convenient to i.tte vhe radius 
instead of the diameter, so, . 4 ubstituting zr for d in 
equation^ (i), (2), and (3),’it is found that: 

•• i = -. r-'.>.. (5) ■ 

• • 2. c ^ tisj^ally stated 'iirr .*. (6) 

^ /V 

. or ;'■*= .,. (7) 

X 2x ' 


< D U4 ) 


4 
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Example 26 .—Find the circumference of the .take- 
up roller of a loom if the effective diameter of the 
roller is 5J in. (Use v = 3'14.) 

c = Trd 

= 3-14 X 5f = 17-27 <n. 

« 

Example 2'j .—Two shafts are connectet^ by mean;; 



of two pulleys and a belt. See fig. 17. Find the mini¬ 
mum length of belt re^iuired. 

Length = 2(1 pulley circumference) 

+ 2{di.st;(.ncc between centres) ‘ 
- pulley circumference + (2 x 14 ft. 8 in.) 
= -Kil 4- 29 ft. 4 in. 

= (.3- '4 X 4) + 29 ft. 4 in. 

= i2-5f ft. + 29-33 ft., ^ 
t = ‘41-89 ft. 41 ft. loj inje 

In this example and the next no allowanccihas been 
piade for thf thickness of the belt. 

Example 28 .—A double-beatef scuteber is driven 
by means- of a lO-^in.-diameter, pulley .t^unning ,at 
1200 revolutions per minute^ Ffnd ther speed t)fj;he 
belt in fhet per minute. 
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In I’rev'olution of the pulley the belt passes through 
a distance equal to the circumference of the pulley. 

Circiimference of pulley = -rrd 

= 3.14 X to in. 

= i^;I4 ^ JO ft. 

12 

n I min, the pulley makes 1200 revolutions; 

.’. speed of belt = “12— ' ^ ’^0° 

= 3140 ft. per minute. 

Example —The cylinder of a carding-engine is 
50»in. diameter over the wire, and runs t^t 165 revo¬ 
lutions per minute. Find the surface speed of the 
pins in feet per minute. 

Surface speed = circumference of roller in feet 
X revolutions per minute. 

S = Trrf X" r.p.m. 

= [(3-14 X 5j)) X 165] in. per minute 

3»i4 X 50 X 165 , . ^ 

= - - ft. per minute 

= 2I58'75 ft. per minute. 

» , 

^ Example jo .—It is desired to «heck the diameter 

of a fly-wheel by m&asuring its circusiference. A 
«teel tape is ptlfesed round *the wheel and fndicates 
•37 ft.^Si in. If the diameter* is nominally 12 ft., 
what is tht error? 

= | 

= * 37 iL 8 yn. ^ 

3-i4r6 • 3-I4 i6 

=, 144-033 in. *= 12 ft. 0-035 in- 



46 


TEXTH.l' MATIII'.MAT|rJ.S . 

The fly-wheel is tlierefore in. (fully y.;.) too • 

larg'e in diameter. 

]^,xample ji .—An emery-wheel, lo-in. diameter, 
is to have a grinding speed of 5000 ft. per minute. 
How many r.p.m. should it make? 

Surface speed = ird x r.p.m., 
or S = -ird X r.p.m.; 


r.p.m. 


S 

nd 

' 5000_ 

3’ 14 X to in. 

5000 X 12 
3' 14 X to in. 


\ ,i9io*§ 


r. p.m. 


Ari!A or A CiRCLK.—Referring to fig. 14, whtre 
a regular octagon (8-sided polygon) is shown, let it 
be assumed that the number of sides within the cir¬ 
cumscribed circle be increa.sed to 16; then it is clear 
that the length of ‘each side would become much 
shorter than those shown, and that the lines would 
appear nearer to the circumscribed circle; as the 
number of sides is further fticreased, they approach 
nearer and nearer to the outer circle, while if the 
number of sides is increased to a sufficiently great 
degree, it jvill become impossible to distfhguish 
between the po|.vJion and the circumscribed circle, 
A circle maj thus be regarded*a polygon with an 
infinitely large numjper bf sides, an® hence, the rul?, 
for finding the area of ,a regular polygon may also be* 
applied to the circle. , 

Area'of circle =» area of polygon, 

A. = J perimeter x perpendicular 
= i circumference X‘radi;;s * 

= I (2lrr) y r ' 



CIRCLE 


Agai n, siiict' a diameter ib twice the radiub, e — 
"Area of circle = x/'' 


or, as it is commonly expressed, d- — •7<S54(/^. 

4 


'J'he area of a circle may therefore be exjiressed by 
the fcrmiila 

A = * 


IDividiiifj each side of the eriflation by ‘7854, we 
have j, 

A 


■7854 ■' 


hence d 


x/ A , ^ / A 

\/-7854 ^ "7854 


• The equation may a|,so be expresstti in^terms of the 
radius. Thus, ^ 

Area A = xjf, 

• whence r’- *= 

, • X • 

.= '• 


>3-1416 
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Example 22 -—Find the area of the lo-in.-diameter 
piston of a gas-engine. 

Area A = -rf- 
4 

= •7854n'' 

= -7854 10 X 10 sq. in. 

= 78-54 sq. in. 


Example jj .—The total pressure on the face of the 
piston of a steam-engine at a certain point of its 
stroke is 16,000 lb. If the piston is 20-in. diameter, 
find the pressure per square inch. 


Area of face of piston 


Pressure 


or A = 

" ■' 4 

= -7854 X 20 X 20 sq. in. 

= ,514-16 sq. in. 

Total pressure in pounds 

per sq. m. = 

. |) __ 16000 _ 50-93 lb. peti 

314-16 - square inch. 


Example jp —The plunger of a pump lused in size 
or starch mixing has a lifting area of j2-57»oq. in. 
What is i(s (liameter? 



• ; s/ 16^094 = 4 in. 

% 

Certain problerns may be ^Ived by. finding, the 
difference between the argas 6f two aircles. this 
connection special methods are employed which fiften 
'* save time and trouble. *' 
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Notice first that 

i6 = 4-, since 4x4= 16, ^ 

• and y == 3-, since 3x3 = 9. 

Now, (16 — 9) = 7. 

•••• (4- - 3 -) = 7 - 
Also, (4 + 3) (4 -• 3) = 7, 

.since 7x1 =7. 

• Aijjain, 144 = 12-, since 12 x 12 = 144, 
and 81 = 9-',»since 9x9 = 81. 
r44 - 81 = 63. 

1 2- - 9- = 63 - 
Now, ft 2 -f t^) (12 - 9) = O3, 

21 X 3 = 63. 

*rhe above is true in every case, and’the process 
may be stated generally as under:—-■ 

The difference of the squares of any two quantities 
is equal to the product of the sum and the difference 
of the two quantities. Let the two quantities be re¬ 
presented sym'oolitally by the letters A and B; then 
• A-' - = ^A 4 - B) (A - B). 

If .V and i' are the quantities, then 

,v2 - y = (x + y) (x - y ); 

(.V 4-4'),and (x — y) are said to he the Tadtois of the 
expression A- — y'. „ • * , 

, To prove that the two factors are as stlted, we 
.'might rnultiply them together, ^nd the.result should 
be ~ The operation of multiplication appears 
below, and the descriptio*n follows immediaj;efy: 

• 

A* -\-y 
%A' — y 

:k- 4 - Ky 

xy — 

yi — -1/2 

^_«r_T 
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I’lact; the two ex|)resbioiib .v + V and -X - y as 
shov'ii. Multiply .v+ r by .v, then niultiply -v+ji' 
by —y, and add the two results. The mental pro- 
ci'ss is somewhat as follows: .v times a: = A' x a or 
x’; put down a- under the .v. a times y = a x _>■ or 



Fig. iS 


xy; put down xy under the y. Now, multiply by 
—V; —y times a = _ra ^r .<r,y)'; put down —xy 
under the + xy aheady found, —y tunes jy = 
put down -y- a little to the ri^Tit. (Nbfe: \Vieri the 
signs are the same, both '+ or both —, the prbfjuct 
is + or positive; and when the signs* are different! 
one — and one +, the produtt is — or Negative.) 
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• • 

Now add together all the similar tegns: there is only 
one .v“; put down .v-. Add +.vy to —.yt'; there is 
one of each, so the residt is o or zero; leave the pUiee 
blank as indicated. Finally, there is only onep'-, and 
it is negative, i.e. ■—_y-; write down —y'. I'he result 
is thus .V- — yk , 

Jt'he proof may also be shown graphically, as in 
lig. i8. ACKG is any square, and ABKII is a 
smaller square. The dd'feren^e between the two is 
represented by a small shaded sipiare KlJKl', and 

two equal rectangles HCDK and llKh'G. 

• 

Let -t = AC, the side of the large stpiare, 
and V = AB, the side of the small square. 

Yhen BC = .v — t', 
and GII = .v — r. 

Suppose the upper rectangle l*Ilvr''G be cut off and 
placed endways oif the top of the shaded small square; 
it*would appear as indicated by the stippled rect¬ 
angle ELMF, 30 that 

Area of difference of squares = rectangle BCLM. 
But side BC = (-V — j’), 
and side CL = * (i' + v)- 

-.1'-) = (-V+V) A)- 

This important deduction rfiay be applied to finding 
the area of-a circular riifg of any descriptions Thus, 

. * • 

LetW = the inside diameter of a plane cir- 

• • • I • * 

^ cular ring, 

and D = the oufside diameter of same plane 
circular ring. 
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Area of ring- = area of outer circle — area of inner 
circle 

= - •7854^'^ 

= •7854(02-^/2) 

= .7854 (0 + r/)(0-r</). 

The two circles need not necessarily have the same 
centre, i.e. they need not be concentric. 

Example jy.—A vertical boiling-kier 6 ft. 6 in. 
diameter is provided Uith a man-hole 3 ft. diameter. 
Find the weight of tiu' top plate of tlie kier if it is 
made from metal weighing 18 lb. per .square foot. 

t 

Area of plate = area of upper surface — area of 
, man-hole ' 

, — aj-ea of 6 ft. 6 in.-diameter circle 
— area of 3 ft.-diameter circle 
= ^-7854(0 4-t/)(D-t/) 

= -7854 (6 ft. 6 in. + 3 ft.) (6 ft. 

6 in. — 3 ft.) 

= -7854 >49) ft. X 3j ft. 

= -7854 8 33'23 sq. ft. 

= 26-115 2>q. ft- 

Weiglit of plate = 18 lb. per sq. ft. x 46-115''sq. ft. 

' 470 lb. 

« , 

V.VRiATiox- oi-' Area ,)>¥ Circles —The area of, 
a circle = -7854^/2. *.n this, - 7854 is constant, there-- 

fore the area A varies 'directly as the sqqare of the 
diameter; i.e. as d-. d thus varies as the \/ A." 

ff the diameter is doubled, fhe are? is increased 
fourfold. The diahieter of a ci,''cle, fo(; fxampleL is 
3 in.; tile area = -7854 x,32 =; 7-07 tq. ins.* ,The 
area of H 6-in.-diameter circle is -7854 x 6 ^ = 28-28. 
,fq. in. The area of the large ^circle,7^, as, stated, 
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4 tim*es the area of the small circle, although their 
diameters are but 2 to i. This fact can be deduced 
from the statement given above that the area a 
circle varies as the square of the diameter, just as the 
areas of squares vary as the squares of their sidtj^. 
Clonsider, for exainple, the diagrams in fig. 19; in 
each case there is a circle enclosed in a square, 
the side qf which is equal to the diameter of the 
circle. 

Upper diagram square 1x1 ■- i circle 1-x •7^54- 

Mid^ile ,, ,, 2x2 = 2- ,, 2-X • 7 '^ 54 - 

Low.r ,, ,3x4 =4- ,, 4'X -7854. 

Sjquare _ 1- , 2- , • 4j 

Circle ” 1“ X • 7^*54 ' ^ • 7^^4 ' 3 " ’ 7^34 


Multiplying each term by • 7 >^ 54 ’ 
we get 

•7854 square . i - . 2- _ 4’ 
circle ' 1- •2- ' 4' 

If, therefore, the ditimcters of the 
three«diagnjjms in lig. 19 are in the 
proportion of 1:2: 4, the corre¬ 
sponding areas will be in the pro-* 

• portion of i ; 9, or i- : e*: 3“*. 

» 

t 

Again,, , 

if area = i, the dijimiTter =»\/i, 



3 ^ o • o • 3’ 


and^so on fdr all numbers. 



Fifir 19 
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Notice that the count of a yarn depends on its area, 
which* for^omparative purposes, anc^ as already 
.demonstrated, may be taken as a Ciijple. The area of 
a circle varies as the* square of the diajneter, or, in 
anther wt>rds, thft diameter varies as the square root 
'of the area. In the case of jwte yarn, since the area 
corresponds to the couiV, the diameters var;y as the 
square-roots of the counts. TJius, if i6-lb. yarn Jjas* 
a diameter o< in., the diamjjter of g-lb. yarn 
wilU be • • • ‘ • 

I * \/g lb. • I 3 I . 

— X . = — X - = - in.» 

30 ^ Vi6 b. 30 4 40 




1 r./v 1 1 Iji:. ivi/'x i i i v*-’ 

It should be particularly noticed that the 'above 
refers to jute; the diameters of cotton, woollen, spun 
silk, worsted, and linen yarns vary inversely as the 
square root of the count. 

Exercises, with answers, on p. 114,. 
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ARCS, CHORDS, SVICTORS, AND SEGMENTS 

Arcs.— An arc of a circle is the name given to any 
part of its circumference. Thus, in hg.^ai, a fircle is 

B 



illustrated with its centre at C. The heavy part in the 
circumfere.ncr between A and B is an art'; similarly, 
DE is an arc, but a smaller one than AB;, again, tha 
two rerrtainiii^g parts of the circle in lighter lines are 
also arcs; hence, a ci-cle may contain any rHimber oi 
arcs according to the size of the latter. If CA and 
CB are joined, the angle AOB is formed aV the centre 
of.'he com'plete circle,'and is'terpied the central angle. 
It is obvious that <f this angle ACB Is doubled, the 
length 'of the arc will also be d6ubled. * ^he Jengths 
of arcs,of any particular Circle'are thus proporh^nal 
to the central angle. 



Suppose the rSdius CA rotates round the point C 
n the direction shown by the arrow, i.e. counter- 
:lockwise. By the time it again reaches its prescyit 
josition it will have passed through an angle of 
[6o% or 4 right angles. The angular division known^ 
is a degree may^ be further divided into minutes and 
leconds in order to ma1<e more accurate measurements 

josSible. Thus, 

• 

6o" or 6o seconds = i minute, 
fxj' ,, 6o minutes = i degree. 

3fx)° ,, 360 degrees = i complete circle = 4 right 
• angles. 

If^the angle ACB, fig. 21, measures 72", tlien the 
lie AB will be of the cornplete, circtimfel-pnce; 
ind if the circumference is 5 in., the arc will be .,Vcr of 
i in. ■= I in. long. 

Let a = length of arc;* 

c = •circumfereni e of circle; 

and D = the number of degrees. 

mi . I) * 

1 hen 17 = c 

3(10 

Dc 

3 (x 3 ’ 

Tt is most' conven'^flt, as already^ iivlicated, to 
ngasure circles Ijy their diameters; since the cir- 
lUmference = itd, the value tt^ may be •substituted 
or c in the a^ove expre.ssio^, giving 

* IT d¥i' 

• ^ ~ 360 

, = tll^^dD 

*360 • 

= •008721/0. 
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• 

In the expression given there are lhus‘thre(* factor.*^ 
which may vary; these are rt, o', and D; if any two 
are known, the tliird may readily be found by a suit¬ 
able transposition of the formula. I'hus, • 

ti — •00872^/1).. . 

, a ^ 

‘ -008721). 

D -= " ^. 

iOO.S72rf 


(0 

(2) 

• 

(3) 


Example jA.—The diameter of a circle is 42 in., 
find the length of the arc which subtends an angle 
of (xj at th(‘ centre. 

a - • oo 872(/1) 

• r- -00872 X 42 X bo 
= 21-9744 in. 

Example jq. —The length of an arc of a circle 
42 in. diameter is 21-Q744 in., wh;it angle does it 
subtend at the centre? 

D = 

-008 7 2r/ 

2i-<)744 
-00872 X 42 
= 60 deg^rees. . 

» »■ 

Chords. —If any two points on the circumfere-'ce 
of a circle'are joined by a straight line, this straight 
line Ls termed a chord. ,Thus, AB in fig. 22 is a 
jchord of the circlp ,ADCE. The centre o£ the circle 
is at C, and the radius CD bisects the chord AB, the 
two ‘lines being perpendicular to eacji,other. „AB is 
also,the chord of the ate ADB, as .veil as tf\e chord 
of the arc AEB. 
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Since the rac^uis Cl) ib drawn at riglit angles to the 
chord AH, tlie point F ib tlie centre of the chord, and 
the point 1 ) is the centre of the arc ADH. If CA,;ind 
CM 5 are joined, rij^dit-angled triangles CI'A and CI' H 
are formed. Tin; distance I'D, on tin; radius (’I), 
called the height of the arc y\I)B. 

It has already been .shown that in a right-angled 
triangle thjj stjnare on the hypotenuse i.s equal to the 



si^m of the squares on the othiT two sides. This fact 
ni.iv be used qo solv<> many questions regariling 
chords. riuis, in the triangle AFC. 

/' r- + (i\ 


/^beingqhe radius of th.e circle, c btp'ng lAlcthe chord, 
•and a being the radium minus the he>ght of the arc. 
••Now, if/- >= c- + d'*, 

/ =, \/c- -f- (l\ 


Similarly., by transposition, we have 

C-, = /- — a- or c = -Jf '^ — rA, 

• , and. = /- — c- or a = sfp — c - 

N 5 te that there are three variables involved, and if 
*any Iqvo are^iven, the third may be found. 
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I' • 

It is also possible to deduce the followinp^ rule, 
which should be specially used to find the diameter 
onl)» when the chord and the heifjht of the arc are 
given: 




+ /r 

h ■ 


The expressions for h in terms of d and r, and fof c 
in terms of h and <i are rather unwieldy and seldom 

D 



used. If, however, the student tiesires practice, he 
can find the,^n from the following data, #vhich illus¬ 
trates a method (jf finding d-. 

* - 

h{d — h) •= C-, t 

hd — h- — C-, 

h'd — c- + //’. 

,•!. d = ^ already stated. 

»■ *■ 

Example ^o. —In a 20-in. circle, therrfis a 

chord <lrawn 4 in. from the centre; find the length of 
,^the chord. 
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The solution of this example appears in two ways: 

y - = a- + C-, c" = li(d — //) » 

c- '= /- — a-, — (10 — 4 ) (2 X 10 — 6 ) 

c = \/f - t- a~, = 6 X 14 

2C = chord ^ = 84 , 

= 2 sjj - - a- c = 84. 

= *2 \/10- — 4- 2f =-= 2 ^84 

= 2 \/ too — 16 0=7 1 X 9 - 165 

= 2 v/84 = i 8-34 in. 

= 2x9-165 
= i'‘i -33 

't2xamf>!e y/. —The chord of an arc is 4!) ft^, and its 
length 13 ft. Find the diametx;r (jf the circle. 


d --- 


4 - h- 
h ' 

(C)- + 13' 

13 
.foo 4- 


13 


,■169 

13 


43-77 ft- 


" Skctors'. —A sectoi' of a circle is tliat*part which is 
founded by an#arc and 2 fadii drawn mom its ends 
.to the centre, as shown in Jig. 24, where ACB is 
a sector off he circle AEB. 

The 4 ngle ACB is terijied tl^ sector angle, and^in . 
any circle the ^rea of a sector is proportional to the 
sector angle^. If the angle is 36o°,'the sector*hecomes 

• a i^it:le, and its area’ = or ttF*. If th* sector 

anglab^D degrees, then 
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A A ( > ^ ^ J > 

Area A ol sector - , x t/ or —t-ttx- 

.'itx) 4 3tx) 

- or . 008720 /--. 

3 tx 3 ' 

A = .GOaiSOz/'A* 



Example ^2 .—In a 20-in.-diameter rirrle, find the 
;irea of a sector the arc of uincli sulttends an anj.jle of 
80 tit the cenln'. 

Area A of sector - .0(52180//- 

- -00^18 X 8(5^ X 20- 

— .( 502(8 X .So X 20 X 20. 

A - Cx). 76 s(i. in. 

It is not, always convenient to measure the*.sector 
anjjle; wlien this,is*llu. case, the tire may bj* measnretl, 
instead., Tly,’formula then becoihes; 

Are,a A of Avtor — ‘ ' x radius. 

• 2 

Examp/i^ y;.—Find the .'jrhn of a .sector.of a- 20-in.- 
diameter circle, the tfre of which*is 40 in. in length. 

AN*a A of s(A t(5r = A arc«x radios. 
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Tins rule is ^ased on the law fur the an‘a of a circle. 
If a sector angle be made near enough to 360°, the 
sector approaches more and more closely to a ^:om- 
plete circle. When the sector angle reaches 3O0 , the 
figure is a circle. Now, 

Area A of circle = 

= Trt- X /- 

= J circumference x r.ailius. 

In the case of a sector ^ess than a circle, the 
circumference in the 
above is replaced by 

the value of the arc. 

• 

.■. Are.i A of sector - 
» I arc X radius. 

A 

Siic.MKNTS. —A seg¬ 
ment of a circle is that 
part bounded by a chord 
and its arc. 

Thus, in fig'. 25, 

ABDH is a circle wi 
centre C. ADD is an 
arc with AD the cor¬ 
responding chord. The 

shaded pcStion is a segment of the cijidf, while the 

• unshaded.portion is,another seg1n#nt. 

If the radius CFB cuts^ AD at ri^^t aijgles, the 
"lioint H is the centre of the chprd AD, and the point 
B is the centre of the arc ADD. 

Note tHat ABDCA is a sector of the (ircle, and 
that AFDC is an ,isoS(!eles‘triangle of which, the 
two sides CA* and CD are radii the circle, and the 
thitd^ide ffthe chord AD of the arc ABD. * 

WCrea A of segment ABD = area of sector ^BDC 

* s — area of triangle ACU. 


B 



E 

C'c- »s 
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The area of the sector is found by the rules just 
discussed, vi/. half the product of the arc and the 
radgis, or •0O2i8I)i/'A The area of the triangle may 
be found by any of the methods indicated in Chapter 
VT, or by any of the trigonometrical methods which 
are explained in a later chapter. 

Example —Fijid the area of the segment, the 
chord of which is 20 ins. long, the heighf 5 in., and 
the arc 26 in. long. 

Referring to Example 41, we see that 

^ (where c =- j chord) 

10 - 4 .s ' 

.S 

top 4 25 12s 

- =25 in. diameter. 


t/ = - 


.S 


.S 


If (/ = 2.S in.,^r = I2i in. 

Area A of sector = h arc x [adius 
--= A X 26 X i2i 
= i 6»'5 sq. in. 

Area of triangle = A base x altitude 

= A chord X (radius —height) 
= J X 20 X (12I y 5) • 

• • , = 10 X yi = 7,5 sq. in. 

Area ofjSe^ent = area^cvf sector — area of' 
• triangle« 

= 162-5 - 75 
= 87-5 sq. in. 

« • ' 

Exercise?, with ans,twrs, diT p. ,116. 
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CHAPTKR XI 

GEAR WHEELS 

(iliAK WHifjci.a. — It iiiav lie an advanlaj^ff at tUis 
btaj^t; to refer briell}; to the relations betwe<'n tlie eir- 
eiuiiferences and diamtders of toothed wheels, so 
elttensively»iised in textile niaehinery. h'ig^. 26 is a 
drawing of a small spur pini()n eontaining 18 teeth. 



•inese teeth are situ'.ted at regulttr intervals on a 
^circle known as^the “ pitch .circlean^»indk:ated by 
, the outer circle which passes through every tooth. 
The distance between any [Arint on the pitch circle 
of one 'toofh and the corfissponding point on’a neigh¬ 
bouring tooth is called’the * pitch ”. feach pitch' 
is obviously a certajn definite mi»asurenienl, and all 
wheel* whicTi^are to gear together, or to form th 
sawie unbroken straight frain, must have the sam 
pitclv In ajly machine wheel the pitch is determine 
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by two considerations; (a) the space available, and 
(A) the slreneth of tooth required. It is not proposed 
to (leal with the strength (jnestion in this work, but 
merely to discuss the relations between pitch and 
djameter. . 

The diameter of the pitch circle is called the pitch 
diameter, and the pitch itself may be measured,in 
at least three diffeiamt ways. , 

I. Till’ numlier of ,teeth in the rim may bear a 
certain relation to the pitch diameter of the wheel, 
riuis, in ctat.iin tr.iins of gear, each wheel has 
6 teeth in the rim for each incii in the pitch dirfiiieter, 
i.e. 6 teeth in yiAib +l 1 . of the pitch circle. For 
exampli;: , 

ih t( (ih I ^ ^ teeth per inch of pitch diam. 
.t in. pitch diameter 

The number 6 expresses the ratio between the number 
of teeth in the wheel and the pitch ^liameterin inches. 
This ratio is briellv termed No. 6, and such a wheel 
is described as a spur pinion ^f i<S teeth, No. 6 pitch. 
I'his kind of pitch is termed Diametral Pitch. In 
general; 

Let D — diameter of w heel in ternw. of^htch, 
p,i — diiinelral pitch, 
and .\’ 1= number of teeth in the wheel. 

Tin'n N* = D X />,; ,* 



and/i,r - IT * 

« 

« * % * 

2. Another common method ()f expre^,sing thft; pitch 

is to state the actual distance in inches, or in a fracSon, 
of an inch, between corresponding pcints oa two 

l« . a « * 
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adjacent teeth, m*easured along the pitch circle, h'or 
example, in the i8-tooth pinion illustrated in tig. 26, 
suppose the pitch circle is 18 in. in circumference, ^he 
distance between each pair of teeth, or the pitch of 
the teeth, will ];)e .1 in. This kind of pitch is called 
Circular Pitch (aec tjie arc AH in fig. 26). 

Ij! general: 

Let I> = the diameter (jf the pitch circle, 

/>, = the circular pitch, 
and N = the number of teeth in the wheel. 


-f^en N 


D 

and />, 


ttI) 

A ’ 

\ X />, 
TT 

ttI) 

N • 


3. When making complete patterns of gear wheels, 
it is not always eajy to mark out the pitch along the 
pi^ch circle, and successive trials, with the nece.ssary 
adjustments, are made •until the correct division is 
obtained. Note that if any instrument of the divider 
type is used, the measurement marked off will be the 
slraigh^lin^ibetween the centres of two adjoining teeth. 
This straight-line measurement is really « chord of 
*the pitch circle, such as chord Cl 5 i>ii lig. 26. This 
Jc^nd of pitch i.s, termed tht^ Chordal l^kh. • 

> The cliordal pitch is not commonly u.sed to express 
the relatiop between the pitcA and the diameter; the 
calculation involved is rtftljercumbersome, and further 
discussion would be* out of ptace in an elementary* 
stut^y of mathematical principles,* , 

E^^npte 4 §.—Two gear wheels (fig. 27J which 
.mAh directly with one another contain 50.and 25 
teetl> rcspec/ively. The 25-tooth wheel is keyed to a 
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loom crank-shalt, aiyi llic ju-lootli wheel is keyed to 
the bottom or low shall (called w^vper-shaft or cam¬ 
shaft). If the pitch is No. 5, liiid the exact distance 
between the centres of the tk.'o shafts. 

Distance D 

= ! diam. of wheel A + f diam. of wheel B 
= (diam. of wheel A + diam. of*.he(?t B) 

= I" (35 teeth 5 pilch + 50 teeth 5 pitch) 

' i75 .S pitch) ‘ • 



— 7,', in. between the centres. 

V * 

‘ Example 46 .—A 7-23tooth wliwl on a factory main- 
shaft is (p have the teeth set at, 2-in.-circular pitch. 
Find the pitch diameter, and calculate t^ie mear^speed 
of the wJieel rim in feet per minute if the shaft mates 
200 revolutions per minute. 
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d’= 

TT 

__ 72 X 2 

3**4 

- 45,-<S() in. or.V'^- pitrh diamelcr. 
Mean speed = mean ('ireumft“reiu'<‘ m fret x r.p.m. 

72 X 2 

= X 200 

12 

i2 X 200 - 2400 ft. per minute. 

* 

lixttrcises, with an^wors, oil p. 118. 


CMy\rn<:R xii 

RKCrAXGl'I.AR SOl.lflS, 

RKLATIVH DHNSITV, AND Sl’lA'II'IC: GRAVITY 

Rectangular Solid. —A retHaiif^ular .solid i.s a 
body bounded by %ix reeiaiigular fares, eaeli pair of 
opposite faces being parallel and ecpial in area. Two 
examples of rec^ingularSolids appear in lig. 28; the 


. E 



Fig. a8 
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small one on the left is a special form, known as a** 
cube, each of its six faces being a square. 

The rectangular solid on the right has six rectan¬ 
gular faces, each pair of opposite faces, A BCD and 
KFGH, ABGFand DCHE, ADEFand BCHG, being 

equal and parallel 
rectangles. The 
length, breadth,and 
height of this par¬ 
ticular .solid are 
all different; when 
the.se threo^ractors 
are 'alike in meas¬ 
urement, the rec- 
tangidar solkf be¬ 
comes a cube, as 
already defined. 

The amount of 
space occupied by 
a .solid is called the 
volume, and vol¬ 
umes are measured 
in cubic inches, 
cubic ft;et.j>r other 
suitabTe cubic unit. 
In the'above speci¬ 
fied cases there are 

V . • r** 

= 1728 cu. in. in I cu. ft. 

7 cu. ft. in 1 cii.,yd. 



C'k- 


2^ = 12.x 12 X* 1; 
3” = 3 X 3 X 3 = 


vLet ABCD, the upper clfkgram in fig. 29, * 1)6 a rec¬ 
tangular solid, »,he measurements *of which are: 
length AB = 6 units, breadth BC ^=^*4 uivt^, and 
height. CD = 3 units. 'The'solid may be-cTiwded' 
into three slices, as indicated, one of'the slices, or 
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'* * * i 

nithcr a similar one, appearin^f in the lower diagram, 
liaeli of the slices may be divided into four hmj; 
strips, each strip containing 6 units of i unit side. 
Suppose the unit to be i in., then each little cube is 
I cu. in. In etu lt, slice tliere will btt four strips of 
6 cu. in. = 24 cu. in., and in the three slices oF 
the complete solid there will be 3 x 24 -- 72 cu. in. 
rite volume.jOf the solid in the upper diagram in 
lig. 29 is therefore 

6x4x3 72 ('u. in. 

In general terms, thi' volume \’ of any rectangular 
solid is equal t.« the ]irochict of its length, breadth, and 
height; that is to say, 

- V - / X /) X /(, 

or \' -= Ibh. 


From this general formula, which contains four 
variables, any unknown value of a term may be 
found when the remaining three are known. 


- 

\’ 

Ibh 


; - 

V'l 

bh 


b -- 

\ 

Ih 

• 

and h — 

\ 

■‘lb\ 




Note that hh, Ih, and th 
are the areas of the various 
faces. 


1 ^xam'jtle ^7.—A bale of Indian cotton is 48 in. 

long, 20 im wide, and 18 in.'thick; find its volume 

in cubierfeet. •' 

= / >♦ A x'/t • • 

= (4S X 20 X 18) i*u. in. 

j 48 X 20 X 18 

' = t-*-, cu. ft. 

1728 

= 10 cu. ft. 
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f * ^ 

— How many bales or the above cotton 
(■<iukl be stored in a warehouse 120 ft. long, 80 ft. 
wj^le, and 40 ft. available height. (No reduction for 
cartways, ike.) 


Volume V = / X b X /i ’ > 

= (120 X 80.x 40) cu. ft. 

= 484,000 cu. ft. 

tot.'d volume of watehouse 
«. volume of 1 bale 
4,84,000 cu, ft. 

10 cu. ft. 


No. of b.ales - 


48,400 bales. 


RKi.ATIvii DitNsiTV. — It is often required to know 
how the weight of a given \olumeof one material^ om- 
p.'ire.s with the weight of an equal volume of .some 
other m.ateri.il. Th<' weight of a .substance measured 
in this wav, i.e. weight per tinit volume, is known as 
the dimsitv of the Md>stanee. 

A'.vuw/i/e 49. — Find the relative^density of a bale of 
Indian cotton, to eu. ft. in volume, and weighing 
,4<)(> lb., and a Bra/ili.tn bale*nea.suring 49 in. x 20 in. 
X t8 in., and weighing 220 lb. 


Oensitv of Indian bale 

' ' = = ,5q.6 lb. per cu.. ft. 

„iAcu. ft. ' ' . 

Denshv Brazilian tyile 

' 2-0 ll’- 

(49 X X 18) cu. in. 


220 Ib.* 


cu. ft. 


49 'X 20 X 18 
“1728 
_ 220 lb. \ 

10-2 I cu. ft. 

= 2i-5,s Ib. per cubic foot. 
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Relative DeiiMty 

_ Indian ,i9-6 1-84 

Bra/ilian 21'55 • 


In other word;^ baled Indian cotton is, bulk for 
bidk, 1-84 times heavier than Ixiled Hra/ilian cotton. 
If Brazilian cotton is taken as the standard of coin- 
parison, thtj^i 

Relative Density 

Bra/ilian _ 21-55 - r , ■ . 

Indian 1-84’ 


that IS io say, 1 )aled Brazilian cotlon is only -547 times 
as Ilt'avs as baled Indian cotton. 

.Si'i-;ciFic Guaviiv. — In I'ixample 40, baled Indian 
and baled Bra/ili.in cotton weie in turn used as 
standards of comparison, and the relative densities of 
each with respect to the other Avere found. It is, 
however, much myre convenient to have one iiivari- 
a^e standard of comparison, and this standard of 
comparison is pure wa,er. I'he density of water is 
regarded as unity, i.e. its numerical value is taken to 
be I, and all other densities thus become; 


{a) l? 5 ?Hhns of 1 if the substances are liehter than 
wtatey, bulk for bulk, or, ^ 

(b) multiples of i if thi' substances ara heavier than 
- water, bidk for bulk. ' 


When w^ter is used as the standard of comparison, 
the rafio is given a •i^pecial name, viz.' Specific 
Gravity, that is to'say, the Clumber given to the' 
material expresses the ratio of tho'weight of a given 
volupife of they substance to the weight of an equal 
.voITime .of water, when the weight of the latter is 


repras^ted | by 


(Water is used as the standard 
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for all solids and liquids, while liydrogen is the* 
standard for all gases.) 

|f it is known, for (example, that the specific gravity 
ol aluminium is 2-5K, then it is understood that 
I cu. ft. of aluminium weighs 2-58 times as much as 
I cu. ft. of water. 

The following particulars concerning the we^ht 
and volume of water shoidd be committejj to memory, 
as they are very important: 

I cu. ft. of water = 1000 o/. -- 62I lb. 

I gall, of water — 277'. cu. in. - to lb. 

I cu. ft. of wali‘r — fi[ gall. 


The above values ar<‘ onlv approximat(' ones, but 
they are sufficiently accur.ite for all practical purposes. 
(If very accurate results .are retpiired, then 1 ( u. ft. of 
w.att'r m;iy be taken at qqb-qO oz.; l gall, at 277-46 
cu. in.; and i cu. ft, at 6-22.8 gall.) 

Examj^ie 50.— The guide-bars of a packing-press 
measure 11 ft. 4 in. long by 6 in. wide and in. 
thick. hind their weight if the specific gravity of 
steel is 7-8. 


V 


/ X /> X /i 
ti ft. 4 in. 


X 6 in. X I ] 


_ 1.J5 X 6 X I -25 


172S 

n > 

' = 0-586 Cl., ft. 

1 cik ft. of water = 


- 586 cu. ft. 


ft. 


1000 oz. 

-586 X 1000 
16 oz. per lb. 
36-6 !b. 


lb. 


Sptecific gravity of steel is 7-8, therefdre 
Weight of bar = 7-8 x 36-6 lb. 

= 285-48 lb. 
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Area of SiIrfaces.—I f a rectangular solid has 
length /, breadth b, and height h, the whole outer sur¬ 
face of the solid will be 

2(/ X h) + 2(/ X i) + 2{h X b) 

= 2(//»»4-VA + hb) sq. units. 

If a cube has a side s, the area of the outer surface 
wtrt be 

2^^ X r) + 2(,f X f) + 2{s X s) 

= 6(s X s) 6,f^ sq. units. 

Example 5/. — An acid-tank in a bleachfield 
measures 10 ff. long by 6 ft. wide by 4 ft. deep. Find 
the cost of lining it with sheet lead at ir. per square 
foot* 

Area of tank 

= (/ X 6) + 2{l X h) + 2{h X b) 

N.B .—There arc 4 sides i^iul bottom (no top). 

= /d + 2{lh + hb) 

= (10 X 6) + 2{(io X 4) + (4 X 6)( 

= 60 +^2(40 f J4) 

= 60 +*80 + 48 
= 188 sq. ft. 

Costa^488 sq. ft. X ir. per square foot 
= i88j. or £g, 8 s . 

The thickness of tlfe wood has been ignored, 

ffxercises, witS answers, on p.,119. 
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I 

CHAPTER XIII 

PRISMS AND CYLINDERS 


•Prisms. —A prism is a solid bounded .by plane faces, 
of which two, called ends, are parallel, equal in area, 
and exactly similar, while the other faces are parallejo- 
grams. Fig. 30 shows two forms of pri^m; in each 



the ends are equal in area, parallel to eaclj n^ier, and 
of the saiTfe Size aijd shape. The figure marked A is 
called an obliqfte prism, bec&qse the sides are not 
perpendicular to the lower end or^base; the other 
figure, marked B, is termed a right pris-m, b^cause"'its 
lateral edges are at rigHt angles to the base. 

The examples shown arejtexagonal prisms,-because 
thfe two ends are hekagons Tthe* base of a prism may, 
howevep, have any shape, provided that the area of 
the end be bounded by straight lines. ^ t 

Area of Surface of' Prism. —The are* oA the 
« surface of the prism is the area of the twp ends pdded 









TOISMS AND CYLINDERS 77 

to the area of*the lateral sides. In the majority of 
cases which occur in practice, the sides are rectangles, 
so that the finding of the area should present* little 
difficulty. 

There is, Ijowever, a short method of lindingjhe 
area of the lateral jides. It will be evident that if a 
pjece of paper be cut to the si/e necessary to cover 
exactly th^ lateral sides of a right prism, and the 
paper then removed and laijl Hat, that it will form 
a rectangle in which the length etjuals the perimeter 
of the prism, and the breadth equals the height of the 
prisfti. Then, 


Aiea of surface of prism -- area of 2 ends + 
(perimeter of base x height of pilsmj. 



F'K 3* 


Example jA plain rectangular warehouse dbort 
10 ft. high 12 ft^ wide by 3 irv.* thick, isrfo be firc- 
prAsied by ytverin^ it with sheets of tinned steel. 
Fkfd tlje area of the sheet required, neglecting waste. 
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Area of surface ' 

= Area of 2 ends + (perimeter x height) 

= ^12 ft. X 3 in.) -h 1(>2 ft- + 3 in. + 12 ft. + 3 in.) X toft.} 
= (2 X 12 X i) + (24I X 10) 

=J6 + 245) sq. ft. 

=*251 sq. ft. 

Volume of a Phtsm. —The rectangular solid illus¬ 
trated in fig. 29, p. 70, is evidently only a special 
form of prism. It was, shown that its volume was 
obtained from the formula 

V = I X b X h; 
but (/ X f>) = area of base. 

.’. V = area of base x height. 

0 

The same reasoning applies to any prism. The 
volume of a prism is, therefore, 

V = area of base x height. 

Example —Find the weight of, a hexagonal bar 

of iron 12 ft. long by 
i in. sjde, it being, 
given that l cu. ft. of 
iron weighs 484 lb. 

Note. — T^^Sgular 
hexagon is made up of 
6> equilateral* triangles 
(see fig.^32). The area 
of an equilatehal tri¬ 
angle may be found in 
«the usual way - if its 
''altitud/i be known, but 
if there is difficulty ib finding the ^Ititud^.^use may be 
made of‘a special rule, based on the trigonometn’cal 
ratios of its angles (discussetf in Chapter VII, P,artH); 
jn this case, if the length of side be I units,^ 
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Area of equilateral triangle - 

4 

Area of hexagon = 6 x ^ ^ 

4 

6 X /■’ X I ■ 7,’,2 


2.598 P , 


So that in fhe exaiiipl(! under discussion we have 

Volume V 2-5()<S /’ x I. (wliere L 12 ft.) 
= 2-598 X 2- X [2 ft. 

= (2-598 X 4 X 144) i:u. in. 

^ 2-598 X 4 X 144 
1728 ■' 

= 0-H66 cu. ft. 

Weightofbar = -866 x 484 Ib- 
= 419-144 lb. 


Cylindkr. —A cylinder may be roughly described 


as a special forrH of prism with circu- 
J^r ends. A right circular cylinder is 
more correctly definfd as the .solid 
described by one complete revolution 
of a rectangle, one side of which acts 
as tltw^'ilcrum. Thus, in fig. 33, 
ABCD is a rectangle of whic^i the* 
side AB is the hue' about which ^h(; 
rfctangle may*be assumed to revolve* 
in order to sweep out in Space at 
volume of the shape known as a right 
cylinder. ’ It is one of^ie cqpimonest 
shapes adopJed*in*textile nSacfii^ery, 
anj^ indeed in all* mechanical "work, 
audits mathematical fjroperties are 
ttfereftyre of extreme importance. 



Fig. M 
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curved surface swept out by the side C*D, fig' 33, and 
of the two circular surfaces or ends swept out by the 
sides<BC and AD. 

The dimensions of a cylinder are generally expressed 
by stating the diameter and the length tjr height, and 
practical mathematical laws should, therefore be stated 
in terms of these dimensions. 

SuRFACK OK A CA'i.iNDKK.—The area of^the curved 
surface of a cylinder is t|iat traced out by a line, equal 
to the height or length, moving through a distance 
equal to the circumference of the end, so that 

Area of curved surface — circumference, of base 

X height or length 
= TTli X /, 

or surLtce S = irdl. 

The whole surface area will be equal to the above 
added to the two cinsular ends, or, stated symboli¬ 
cally, 

A = TT(U + 2 y. 

= 3 

= 7r</(/ + r)y where r = radius. 

» V 

The volume of tfie'cylinder will be 

V = area Af base or section x lengijj or height 

= xV 

4 

= or -rEsgiA' 

4 

“ ■ I- ■ 

If preferable, the equation may be suited in i^rtns 
of the radius. Thus, • 


V = 
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Example colour-drum of a calico-printing; 

machine is 6 ft. diameter, and runs at 5 r.p.tn,, print¬ 
ing cloth 60 in. wide. Find the number of stjuare 
yards of cloth capable of being printed in one hour. 

Curved surfaco of 

drum,,or S = W/ 

= 3'1416 X 6 ft. X 60 in. 

- {3-1416 X 6 X 5) sq. ft. 

— qa-’48 srp ft. in 1 rev. 

Area printed in 1 min. = (94..148 x 5 revs.) .s(|. ft. 

,, ,, ,, I liour - (94-^48 X 3 X 60) sq. ft. 

. 94 L^ 4 Sx_.s_x_to yj 

= 3i4i-6sq. yf 

Example jj .—The starcli or sAwbox r<)ller of a 
cylinder dressing-, slashing-, or si/ing-machine is 
18 in. diameter and 66 in. long; lind the area in 
square feet of the copper sheet* required to cover it 
completely. ^ 

Whole area A = 4 - e) 

= |3'i4i6 X 18(66 4 - V)! *’’• 

= 3'1416 X 18(66 4 - 9) -sq. in. 

^ 411416 . X 'H X 73 ft. 

144 , . 

= 29-43 .scf. ft. , 

, Example $6.—k roller weight used**! a Mrawing- 
frame is 3} in. diameter and* 8 in. Jong; find its 
weight if^i cu. in. of cast ifon weigh -263 lb. 

V = '^dH 

4* • 

(-7854 X 3J X 3i 8) cu. in* ^ 

=5 76-97 cu. in. 

Weight = 76 - 97 * cu. m. x -263 lb. per cubic inch. 
= 20-24 lb., say 2oi Ib. 
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Hollow Cylinders. —In practices'll is customary, 
whenever feasible, to use hollow cylindrical objects in 
preference to solid cylinders. In such a case, the 
volume of the hollow cylinder only is required, and 
siytable rules for this calculation can bp deduced from 
the general statement given abovp. 

Example jy.—Fig. 34 illustrates an extensivQjy- 
used hollow cylinder, that of a delivery pressing-roller 



F'K- 34 


suitable for a flax or jute draiving-frame. The roller 
consists of three hollow cylinders joined togetheff^ 
two end-pieces and one centre-piece. 

Volume of centre-) volume of solid aftHnder — 
piece" • J7 volume of hole 

= IdV -1 

“f 4 r 

'= - d^) 

4 

• ^ f 

= ^ X 9i(^ + 3iK&‘- 3i^ 

= -7854 X 9j.x 9 i X 2 j*' 

= I77-2I cu. in. , , . 

I • • 1 
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Vofume of 2 * 0 ( 1-1 af-ZID- - rf -)l 
pieces / I4 ' ' f 

= 2 {. 7854 X ii(D + </i)(D-;(!,)i 
= 2 X •7854X 1} x(6+ii')(6-ij) 
, = 2 X -7854 X U X 7 J X 4 J ^ 

= 64'67 cu. in. 

Volume of wholef ^ 

. roller ) 

* =241 -88 cu. in. 

t 

If the roller is made of cast iron weiyhinf; -263 lb. 
per cubic inch’, then 

Weight of roller = 241-88011. in. x -203 lb. per cu. in. 
= 63-61 lb. 

> • 

E'xample ^8 .—Find the volume Occupied *by rove 
yarn as represented by the shaded portion in fig. 35, 



r».M 
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( A 

and compare tlie volume thus fourtd with that oc¬ 
cupied by the block outline of the full bobbin. 


Block volume V — 


4 

• 7854 X 5'xc 5 X i2i 
240*53 rii. in. 


V(dume V, <jl yarn - ^/iX) + r/)(n — d) 

4 * 

•7.S54 X 10(5 + 1 ^) (5 - iD 
- -7854 X 10 X 6; X 
I75'6 i cu. Tn. 

Volume of rove V, _ 17 S- 6 I 

Block vol. of bobbin V' 240-53 

t 

o, , > 75 -<’i X 'oo <>/ 

/ vol. occupieB by rove = 2^0.53 = 73 4 - 


Exercises, with answers, p. 120. 


CHAPTKk XIV* 

PYRAMID, CONE, AND SPHERE 

The pyramid, co,ne, and sphere are thyee geo¬ 
metrical solids •each of whioh^ has but a limited 
application to* textile worfc. The proofs of the mathe¬ 
matical principles upon which their areas and" volumes, 
depend are comparativgly difficult, and it is not pro¬ 
posed to discuss them at thi» stage. The-paragraphs 
• immediately following* do "hot,* therefore, include a 
full exposition of'the principle? involijed, but may 
rather "be regarded as a summary of ftie r^^ired 
definitiqns and rules, with^ few' wtjrked-out exatifples 
to illustrate their application. 
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The PyRAMiif. —The name pyramid is applied to 
any solid which is bounded by plane surfaces, one of 
which, termed the base, may be any rectilinear ligi^re, 
while the others are all triangles. I'he triangular 
faces have a common vertex, which must of necessity 
lie outside the plane pf the base. I’he point may be 
neajj the base, or a distance removed from it, and 
ligi 36 illustrates one form 
of pyramid in which the 
distance of the point from 
the base is greater than 
the width of the base 
ABCDltF. 'I'he triangu¬ 
lar sides are represented bv 

ABV* BCV. I'AV, 

all of which taper to the 
point V*, the common ver¬ 
tex. 

The pyramid illustrated 
is j'ully described as a right ^ 
hexagonal prism. It libs 
already been indicated why 
it may be termed a prism. 

It is a Jifxagonal prism 
because .its base has 6 , ^ 

.sides, and is therefore a hexagon; it fe a right prism 
tjfcause the line^VF, a perpendicular (Jrepped from 
•the vertex "V to the base, meets l 4 ie base- at its centre 
P. Point P is the centre of tfie inscribed circle indi¬ 
cated ; if is also the centifi of the circumscrvbe’d circle 
which is not shown, but which ^vot^ld pass outside flie 
he;(agon and^touch all points A, B* C, D, Bs _F. If 
the ha^e hacf h|tppened to be a rectangle, the point P 
have coincided with fhe crossing or inteisection 
of tbe.diagonals. 

/•* 
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The distance VP is called the Height of the pyra* 
mid, while the distance VR is termed, for the sake of 
distinction, the slant height. The combined area of 
the triangular faces is the sum of the slant surfaces. 
The total surface area of the pycanjid is, of course, 
tile area of the slant surfaces + ^he area of the base. 

Volume of Pykamid. —It may be proved th^ the 
volume of a pyramid is one-third of ^he volume of 
a prism which has the same base and the same per¬ 
pendicular height. 

If V = the volume, 
h -- the height, 

and y\ = the area of the base, then 



With this formula as a starting-point, it will be 
a useful exercise fof the student to deduce an expres¬ 
sion for A in terms of V and h. aVid then one for h in 
terms of V and A. ^ • * 

Slant Surface of Pyramid.— Since all the itSTit 
surfaces of the pyramid are triangles, the area of 
each of which is f base x altitude, it is evid ent that 

Surface S 

* 2 • 

* where S = the»area of the jlant surfaces, 

. p =• the perimeter of the base; 
and T = th'e slant height. 

* 

*rhe above formtila*applies enly to pyramids with 
regular«bases, as \his type is tha only ?ofp of pyjamid 
in which the slant heights of the vasious triS^gular^ 
faces ate uniform. * < * . 

Whole Surface of Pyramid.^As oreviouslv 
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Indicated, the’whele surface area of the pyramid is 
represented by 

Area of slant surfaces 4 - area of base. 

The method of finding the area of the slant sur¬ 
faces has just been discussed; the area of the base iS 
obtained by applying'the rules relating to rectilineal 
figufts given in previous chapters. 


% 



‘Example gg. —Fig. 37»represents fjajt of one bay of 
a weaving-shed, the inside dipiensions beijg ais indi¬ 
cted. Ffnd the maximum number of persons which 
may be employed in a shed consisting of 6 similar 
bays, given* that the Factpry Acts require 250 cu. ft. 
of space "per jjerson, ,*'•*• • 

An examityifion of the figure Shows th^t each 
bay <!^sisU*of a rectangular prism ABCDEFGH, 
Vo ft? long, 33*ft- broJtd, and 14 ft. high; a triangu¬ 
lar prjsm DNMALK, 33 ft. wide, 8 ft. high, and 
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300 - (2 X 15) = 270 ft. long; and two halv’es (one'* 
at each end) of a rectangular pyramid KMNCB, each 
wijh a base 33 ft. by 13 ft., and a height of 8 ft. 


Cubical contents of one bay 
• = Rect. prism + triang. prism T 


= Ibh + A/+ 


lect. pyramid 


= (300 X 33 X 14) + 4- 

I \ , \ , /'32 x(2 X i5)x8\ 

= (300x3,3 X 14) +’x 270)4-^ ) 

= 138,600 4 - 35640 4 - 2640 

= 176,880 cu. ft. 

Cubica .1 contents of 6 bays 

= 176,880 x6 = 1,061,280 cu. ft. 


Maximum number of employees 


1,061,280 

250 


4245 persons. 


Notic.— The number of workers actually emplayeel 
in a factory of such dimensions would be considerably 
less than the above, since the floor space for each 
operative would be less than 14 sq. ft.; acrtlSIly, 


33 K ,300 X 6 


'3‘99 sq. 

#* 



t 


The calculation shot/s, however, the generous pro¬ 
portions of modern mills aifd factories colnpared with 
thtg requirements of tNe Factior); Apts. 

CoN^—Just afs the circle may btl regarded as a 
special form of polygon, so also may'the ^jfne be 
regarded as a special form of pyramid. If the V&ngtlf 
of the sides of the hexagonal base of the pyramid fn 
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fig. 36* p, 85*, b» decreased, and the number of sides 
increased, it will be seen that the base will approach 
more and more closely in shape to a circle. WJien 
the length of each side is reduced to a point, that is, 
infinitely small^ and the number of such sides Ix-- 
comes infinitely large, the base actually becomes a 
circje, and the pyramid itself is changed to a cone. 


A 



A right circular cone may bc^defined •a.» the solid 
sAvept out by the revolution of a ri^t«ngled triangle, 
one of the sides containing ;Jie right aiTgJe acting as 
,atuTcrunf. Fig.*38 represents si*ch a cope, swept out 
by a complete revolution of tRe right-angled triangle 

ACB, a6b being a rigjt angie.^ AC is »he axis or 
height of the font;'AB is the sljnt height; wfiile 

BAl^the ^ngle at the apex, is termed the Vertical 
ang*S: • , • • 

Thf whole surface area of the cone consists-of the 
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circular base due to the rotation of the side CB of the 
triangle, and the curved surface resulting from the 
rotation of the hypotenuse BA of the triangle. It 
will be understood that the cone bears the same 
relation to the cylinder as the pyramid does to the 
prism. The expressions for finding the volume of the 
cone, and for obtaining the surface areas, will conse¬ 
quently correspond. *. 

Volume of Cone. —If V is the volume, A the area 
of the base, and h the height, it may be proved that 

V = aa 
3 

In the case of a cone, the base is always a circle of 
diameter D’. The above formula may, therefore, be 

more completely expressed by substituting -D* for 

4 

A, when we have 


-D’A 
V = 4--- 
3 

= •7854DVr 

3 


• 26 i 8 D*A. 


Curved Surface of Cone. — Note that in the 

( 

case of a regular pjframid, the area of the slant surface 

S, as shown on p. 86 , is^^, / being the perimeter 

the base, and s the slarlt height. In the case of the 
cone, the perimeter of the base is evidently the^ircum- 
ference of a circle of dtsLmetet D, 

s = ^ i.576»Dr, 

2 2 sfi f 

^ e 

n or, in terms of radius x= 3 - mbrs »= trrs. 
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If il is easier <o measure the vertical height than the 
slant height, use may be made of the properties of the 
right-angled triangle to deduce a formula expre^ing 
S in terms of the base D and the vertical height h. 
Thus, 

S*= 1.5708DJ 

= ..57o8D^/r+(*’)' 

= 1-5708 X 2r X sjh ^- + r* 

= 3 -1416 X r^h‘ 4. r- 

• = ■’rrj 

WtroLE SURFACE OF Conf;.—T he whole surface of 
the cone is evidently as under: 

Wliole surface area = area of bas* + area of curved 
surface 

= -f i-57o8Dx 

4 • 

= TTf- 4- Trrs 

= 7 rr{r 4- ■')_ 

- TDir 4- 

Example 60 .—Find the minimum length of canvas, 
^4 in. wide, required for the making of a bell tent of 
the dimensions shown in fig. 39, ^ 

Area of tent = curved surface of cylinder ./^BCD 
• 4-curvecf surface of c<?he EDC. 

A = ttch + 

= 2jrr/ + 4- 

= rii2l -f _ 

• = *3-14'6 X 5(2 X !•+ V'q* +»5*) 

= 15*708(2 4- N/iob) 

•= J5-7o8 >♦ 12-295 
= i 93 'i 3 sq. ft. 
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Length of canvas = - 

width 

= 19.V13 sq- ft- 
2 ft. 

= 96-56:, ft. 

= 32-188 yd. 


E 



T9 


To this would have to be add\;d all necessary ai!ow-v 
ances foi^ se;u"n‘s, &c. ^ 

Frustums of Pyk,\mid.s and CoSes.— The term*' 
frustum is derived from ^a Latin word meaning piece 
or bit. ' It, is used mathematically to intricate that 
piece, bit, or slice of-'-a pyramid or cone which is 
contained between the base and any plane parallel tb 
the' base. The letters ABDE . 40f re¬ 

present ,'sometrically the hustutn of a' regular'''viex- < 
ii agonal pyramid, and QTVR that of a right circular' 




PYRAMID, CONK, AND SPHKRI-: 


93 


cone. ^ A 13 DKFG and HKLMNP are termed the 
ends of the frustum, and the planes QR and VT are 
the ends of the cone. It sliould be noted that ^le two 
ends in each case are similar figures; that is to say, 
they are identicjil in shape though not in dimentgons. 
Thus, HKLTMNP is a regular hexagon, similar to. 


w U 



but less than, ABDEFG; and TV is a circle less than 
“the circle QR. • • 

, The Slaot surface of.any pyrarrrtd^ frustum is made 
up of a number of tfapeziugis, one forYt^ph .‘tide of the 
base, '-f the pyramid is right ^nd on a regular base, 
these trapeziums are equal to*each other in all respects. 
The wjiote surface of the ftustum combines'the slanf 
surface and the t^vo ena«. 

♦ Sla.nt Suwace ok Frustum ce Right J^egular 
Pyramid.** 

Let P lie the ifierimfcter of lower end, 

’ t be the perimeter of upper end, 
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and T be the slant thickness, i.e. (the thickness 
measured along the centre-line of one 
of the outer lateral faces, as indicated 
on the face AHPG. 

Then, if S be the area of slant surfaces, 

• ’ '*4 

S = *’+^xT; 

2 


« 

that is to say, the area of the slant surfaces of the 
frustum of a right regular pyramid is equal to the pro¬ 
duct of half the sum of the perimeters of the ends and 
the slant thickness. 

Voi-UMK <>!' I-'ki'stim or Rkiiii' Rkc;iji,i\r 
Pyramid.-- * 

Let A — the area of the larger end, 
ii — the area of the smaller end, 

'/ — the vertical height or thickness, 
and V -= the volume. 

I 

Then \’ = '[(A + VAa + ti). 


If the total Vertical ]ieight h be known, then the 
volume of the frustum will be, * 

. , • 

* Ah « 

Volume of .whole pyramid = ^ . 

Volump of cut-off portion* = ’ 

c ^ 

‘ Volume of frustum = 

' 3 *3 

• Ah - a{h - t)' 


3 

• < k 
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Area of Curvko Surfack of Frustum of 
Right Cone. —If one keeps in mind the similarity 
between a regular polygon and a circle, as ^vell as 
that between a prism and a cylinder, it will be seen 
that the two^porimeters in the frustum of a polj’^onal 
figure correspond to the two circumferences of the 
frustum of a cone; consequently, the P + /> in the 
■formula fr^r the former, i.e. in 

S = —t X T, 

2 


are replaced by the signs for the two circumferences, 
say C for the larger, and c for the smaller; then, the 
surface area of the frustum of a cone is * 


C 4 - 


X T. 


In every case however, the circumference is equal 
^ to T! times the diameter, or 2ir times the radius. 
Hence, • 


if R = 
and r --= 

S = 


the radius of the larger end, 
the radius of the smaller end, 
2irR + 2 Trr _ ~ 

.2 * ^ 

Tr(rR 

>rT(R + r). t 


VotuSiE OF Frust*im of Right CqnU. —Again, 
bearing in mind tlje stmilartty mentioned abov?, add 
*that the vpIVtme pf a right regular pyramid is re¬ 
printed’ b^ 

V =' ^{A + -jAa + a), 

. * 3 , I 
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the required formula for the frustum cfl a right cone, 
with two circles of radii R and r, will be 

V = /(7rR2 + V’tR''^ X 

= + >rx/RV-,+ Jrr^) 

= ^(R- + s/RV + r”-) 

= ’'''(R2 + Rr + r^). 

3 

Although it is unusual to conduct anv polygonal 
calculations in connection with cops, the mule cop is 
an excellent .'iubject for practice in these calculations. 
Example 61 .—The dimensions of a cop of cotton 



weft appearhiF fig. .^1., An inspection of the dimen¬ 
sioned sketch shofv’s that the coniplete cop is made up 
of the frusturts of two ccnes, ABC^ and DEFp, 
together with a cylinelrical part CDGH; moreover, 
the hollow centre of the cop is in the shape 9f a third 
frustum of a cone. ^ • 

Vol. of cop = vil. of ABCH + vol. af DEFG 
4 - vol. of CDGH - vol. of ABEV'. 

The right-hand side of the equation shall be taken 
. in stages (i), (2), (3), and (4). 
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(i) Vbl. of ABCH = 
part to be taken off later. 

V, = ^ X .V + 

3 * • 

^ 3-1416 X J-6^ ^ .q5,,. ^ .06252) 

3 

= i-6755(-i4o<t -f -0234 + -0039) 

= I-^ 7.35 X -'679 
= *2813 cu. in. 

• _/ 

•(2) Vol. of Dlil-'G = (R2 + + r-) _ the liollow 

part i') be taken off later. 

V_, = I-?^°' 7 |(.)= 4- j X i ', + (.,■'.)=] 

= -’■'•^'^^'^“■^{•375-’+ -.375 X - 0(9375 +- 09375 =) 

= -733(-14o6 + -0352 4- ‘0088) 

= -733 X -1846 
= -1353 cu. in., 

(3) Vol. of CDGH = ^l)V - tlie liollow part to be 
taken off later. 

.•. V, = - 7«54 X (-D= X 4, , 

• . == 1.767 ca.in.^ 

<4) Vol. of/»BEF = "' 3 R= -f R^ -f ^)- 

. V, = .G X (,V)‘] 

. = 3 .*093752 4- -093/5 X - 0625,4- - 0625’) 

*=. 6 - 5974 i-oo 88 -f -0059 + -0039) 

= 6-5©74 X -0*186 

= :i227 cu. in. 

* • • 

i 
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Vol. V = V, + V, + V,, - V, 

= -2813 + -1353 + 1-767 - -1227 
= 2- 1836 — -1227 
= 2-0609 cu. in. in cop. 

'The Sphere.— The sphere is that geometrical solid 
swept out in space by one complete revolution of a 
semicircle, the diameter of which remains in the satpe 
plane and acts as a fulcrum. ' 

Fig. 42 represents such a solid swept out by the 
semicircle ABD rotating on its diametfr AD. The 



central point of the <’iimeter AD is the centre C of 
the sphere; all straight'lines drawn from this centre 
"to the outside surface are radh of the sphere and are 
'equkl to each other. 

The section taken through any,plan^«f the sphere 
is » circle; if this plane passes through tKe cen^ C, 
the section is termed a cerftral sectjpn, or sometifnes^ 
the great circle of the sphere. 
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Surface Actja of Sphere.—I t may be proved 
that the area of the outer surface of a sphere is four 
times that of its central section. 

If A = the surface area, 

, . p = the radius, , 

and li = the diameter, 

thfi relation may be stated symbolically as under: 

In t 4rms of radius. In t^rnts o( diameter. 

A = 4Xirp2 *A= 4 X ’^D- 

4 

^ 4>r^ = ..rD'-' 

- 12-57/^. = 3'14160% 


Voi.uME OF Sphere. —The volume V of a sphere 
is r/presented by the following equation:* 

V = 

= 4 

A . 

, = 4-i88p^ 


• If required, the volume may also be expressed in 
tesms of the diameter; it is more usual to measure 
the diameters of spheres than the radii, although, of 
course, the above equation can always be used by 
halving the measured diameter. 

. If D Is the diameter., the radias.is * Substituting 

— for r in the original expression, we have • 

V = . • 

3 ' 2 '' 



D» 

2*'- 

D> 

8 


J 3-14«6D‘ _ 
“ 6 “ 


•5236I». 
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Sk(;mknt of a Sf’Herk. —The segment o( a sphere 
is any part cut off the sphere by means of a plane. 

43 shows the part ADB of the sphere cut off by 
a plane passinf;^ through AB. AKB is also a seg¬ 
ment of the sphere. If the“plane passes through the 
centre of the sphere, it will divide the sohere into two 


D 



equal .segments called hemispheres—literally, halU*^ 
spheres. • • , 

The base of ai*y .Spherical se^ijient is a dircle. The 
height 6f tlje*segment ie given by a line drawn af 
right angles to the bt^se centre, as FD, fig. 43. « 

Curved Surface of'Sec.ment. —It may be proved 
"that, ", < • 

if R = tl^ Vaiius of the*coniplete sphere, 

« A = the height, , • 

and S = the curved surface of thp segmei^ 

. s = 2 »ra * ■ 

= 6-2832RA. 
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If desired, tht» equation may be stated in terms of 
the diameter D of the complete spliere, tlius, 


S 


ttD/, 

14160/;. 


Volume ok Suomhni. -The volume of a segment 
may be fountf as under, wheri; ^ 

V -- the volume of the segment, 

/'*- the radius, 

;/•- diameter, 

h = the height from the base, 
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^ *ZbNE OK A Sj>iiKRi:.-» The /one of a sphere is that 
part of the sphere which is cut off by, or lies between, 
any two parallel planes. Thus, .AHCD, in fig. 44, 
^jjpresents such a solid, its thickness being P!F, the 
line drawn between the surfaceij of the <wt) circular 
etids, and perpendicular to them.* • 

Curved Surkack ok Zovk. —The cVirjved'surface 
,oT a zone^nay be*found from the following data: 

R = the radius of the complete sphere, 

•} =■ the thickness of the zone, 

,andS = the curved surface of‘thje zone, 

the 

= = 3.14160/. 


V 

et^uatiotftieing. 


S = 2TrR/,or S =*s-D/ 
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Notice that in both cases the curve'i surface is equal 
to 

.(circumference of sphere) x (thickness of zone), 

2vr X /, 

TrD X t . ' • 

• 

In other words, the area of the curved surface qf the 
zone of a sphere depends only on the^ radius of’ the 



sphere and the thickness of tlie zone. It follows tU«i* 
all the zbnts of a sphere, provided they are equal in 
thickness, havff equal curved'syrface areas. 

VotbMEy OF Zone.—W ith the following^data^ , 

V = 'the voltinif of the zone, 

r^ = the radius of one circular end, 

r, '= the radiqs of thfe other circular eRd, 

the eqiution for the volume of .a zone*js represented 

by . . ' * 



PYRAMID, CONE, AND SPHERE 103 

• 

It may be aVi advantage to point out again that the 
subscript numbers i and 2 in and are used only 
for the sake of distinguishing between the different 
radii. The term r^‘ is read, r one squared, and fhe 
term r/ is read, r two squared, the upper figure in 
both cases representing the index of the power to 
which r^ or k, is to be’raised. .Subscript numbers, the 
loweP ones in the above terms, should only be used 
when it is desirable to keep to a particular letter 
.symbol, and thus avoid the intreJduction of more than 
one letter symbpl for the same kind of (|uantity, or for 
a term which may have many different values. 

Example 6-'.—It is calculated that the weight of 
each of the governor balls of a certain engine should 
be 60 .fc. If they are to be madi; of cast iron .weigh¬ 
ing 0-263 lb. per cubic inch, find the common dia¬ 
meter of the balls. 


V'olume of ball 


weight of ijall in pounds 
weight of I cu. in. of cast iron 
60 lb. 

•2(^3 


228-14 cu. in. 


Volume of sphere = 

.-. D» = 

D = 


• 5236D". 

Volume of sphere 

.5236 

3/ V 
5236. 

228-14 * 

’I236 * 


7 


= v^4.*"-’7'4a . 

= /•.‘)8in. 

•' ' •* 

§ee Copter VI* on Logarithms, in Part II, far methdil 
opfinding the value'of if 435-714. 
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Example 6j. —Fig-. 45 is an outliije drawing of the 
interior of a vertical boiling-keir. Find the cubical 



|C 

F'l! 15 


contents of the large sphcical segment FGH,a> i the 
.spherical zone DEKL. 
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Volume r^qujfed = vol. of segment FGH + vol. 
of zone bEKL. 

V, = V. + V, 

= - .2/') + + /-] 

= yV - /') V "-|-n3(3'^ + 2') + (i^l 

= ^'(3x5- 1),+ • 34 <)i[ 3(9 + 4) + '.I 

= '++.349. X 49 J 

- I49)() cii. ft. 4- I3'77 eu. ft. 

.i<S-43 eii. ft. 

Note. —All the above dimensions are taken in feel; 
the result is thus in cubic h'et. 

Exercises, with answers, on p. jzi. 




EXERCISES 


Chapter II, pp. 2 7 

I. Write down the valut's of the^followiii^^: 


4 1 ) 3" - ri. 

2fl. 

(-’) \ - X. 

,, t>. 

l 3 ) a X b. 

,, f//''. 

(4) .V X 2. 


(,=;) .i* 1 /’■ 

,1 

(6) 2f -f if. 

»' i*’- 

(7) 2 f 


.V 

• («) -v ^ 3. 

V 

’ • 


3 

Find the value iV 3 .V when : 


(1) 1 = 2. 

An<;. 6 . 

(2) .v*= L 

( 3 ) = - L 

,, M. 

.. -«{• 

(4) .V = 4 t/. 


is) V = - 6 tt. 

,, — 18/^ 

, (f>) = - 3 - 



3. Put into uoids tlH'^l'ollowiiif; alf;i-l)raic^l staipjuent: 
^ 11 X b X r X 1/ _ /i 

<■ + / + • b' 

*). Expre^. in symbols:- The area of a circle equals 
•7854 tithes the square of Ihe di^iutter. 

Ans. Let A = ai^a and*o' = diameter, 4 hen A = • 78541/'’. 

5. TJhe wid*h*of a hexagon nut across the flats is given 
by the^armula : AV = i it/+ in., where \V the widtVi, 
y = the diamoier of the bolt. Kind W when t/ is 
I in.. . Afis. W = in. 
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6. Find the value of - when : 

3 


(■) 

.V 

= 4 - 3 - 

A as. 1T 

(2) 

.V 

= 18. 

,, 6. 

(3) 

.V 

- 18tr. 

,, 60. 

( 4 » 

V 

-- •(K) 3 b. 

,, • sX)I 2 . 

( 5 ) 

\ 

- 9 - 

... - 3 - 

(<') 

\' 

; 3// — Gh. 

,, a — 2b. 



Chapter III, 

pp. 7 10 

What arc tl^e \ allies of: 


(r) 

8 

+ ('> - ^)- 

, 4 ;/t. 12. 

(^) 

9 

~ (3 + >). 

.. 3 * 

( 3 ) 

3 

- ( - (> 4- 3 )' 

,, 18. 

( 4 )' 

8 

- { - 2 - 8). 

,, 28. 

'(3) - 

.V 

T ( v 4- -v). 

.. - 3 ^ 

(b) fjyr 

- (‘>Ai’ + 3 ':i') 

,, 0. 


2. Provo, by removiiiftf the brackets, that: 

(1) (tw — |8| + ((/; + r’) — (4^/ -f 2o) = 5tf — 26. 

(2) 2 (r> + /)) + (za — h) — 4« — d = o. 


4. Prow, by simplilic.ition, t^iat: 

fil ~ -f 4. + 36' _ 

y , , -t- ^ - 




2 


3 ^ - 9 - 


+ 


4,v- + 16 


~ '8 ~ 8 + 


4, Find the v.alue of: 

[1) (3" + •’) ~ — 2<) + { 6 a + b) when « = 4 

6=2., ' ' 

(2) (.V —y) + 3 .v 2 — (.T 4 )■) when w = 3 andji> = — 

' 2 I/U. (i) = 3 b. ( 2 ) = 37 ., 


Simplify the fol'lov.'injj: 



.7'- ff'-' 

^ 8 4- 4.r 20 4- 2x 

A'?i^ 

49 - 34^ 

3 

5 30 


‘,a 

14 — 2a 

4. 7 " - 3 _ 9 ^' - S , 

A MS. 

32« +' 13 

21 

7 42 
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6. ftvalual?*: ^ 

(1) *7854 (// -f b) {(I ~ h) X -v X *263 when a = 10, A = 5, 

and -v = 9. J//V. i3()‘43. 

(2) A — /(// — /) — /). I'ind A when / - - * 5, r/•— (>, 

and h = 4. *7:;. 

. . ' 

Chapter IV, pp. ii 16 

1? A merchant bii\s cloth at a shillings per yard, and 
sells it at r ^hilhnj^^s per \ard. What is his {)t()(il per 
)ard? (>' — a) shilling's. 

2. How many shillinj^''s are theie in X'v'' How many 
are there iff a' shiliinjrs.'' 

A/;/r. 2()A' shillinj^s. X 

JO 

3. A ' ard c\hnder mak<-^ 125 tr\oliition'« per minute. 
Ho\\*?nany re\olutions will it make 111 ,/v si-conds.** 


Alls 


25;;/ 


re volutloiis. 


4. A loom runs at 180 elferli\c picks per lyimite, and 
is weaving- cloth \filh 30 shots pi'r inch. How many 
yjrds ot cloth will it weave in h hours? Am. \oh \d. 

» 5.^ The horse {M»wer transmitted be a sin^^de belt is ^'■iven 

by the formula; H.I*. = where \V - the width in 

33,cx)o 

inches, and S = the speed of the belt in teet per minute. 
Pl!id the H.P. when W is 8 in., and the s|)i«<l»rs 2200 ft. 
pfr minutt. . , * 0 , .Ins. 24 H.P. 

■ 6. Expres.s the follotfing st.'^lement as * i^atlwmaticai 
ft^^mijla: yie notni^al horse-power of a Lancashire boiler 
•supplying' steam to a modern engi.*e equals the product 
of 8, and the area of the fire-j^rate in square feet. 

Ans. IhP. 8F. 

• • *■ * 

wbere H P. -■= ^iorse-[*^)wer, and !■' =*’ fire-grate area in 
square feet. ^ * . , 

7. 'f^c overall lengtl^ of a spinning-frame pf a certiin 
^ypeEquals the prodiict of the*pitch of the spindleMand the 
number of spindles per side, plus 3 ft. 2J in. Express.this 
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as a fonmila, aiul use t)ic formula to find the overfill lenj,--!!! 
of a fiame of 8 (j spindles, 4-iti. pitch. 

Alls, L ■” />N + 3 ft. 2S in. 

29 ft. iO;\ in. 

I'ind the weij^du of a cotton di'iviji^-rope, i Uin. 
diameter, and 80 ft. lon}^, if w, the \veii,'‘ht in pounds per 
fo(U, iseciiial to •27/'/', </ beini^ the diameter. 

48*6 Ilf. 

9. 'rh(‘ workinyf stress in pounds ot a c^^tton dri\in^- 

lope e<|uals lUW-, where (/is the diameter of the rope in 
inches. hind the workinj^'- stress in a i^'-iiu diameter 
cotton rope. 4(:)o lb. 

10. The twist or turns per inclt of a certain type ofMax 
yarn is equal to twice the sq. root ot liie count ot the \ain 
w'luue tlu‘ count is ecjual to the number ol U‘as ot 3(X) \d. 
eacii per poifiid. h'xpiess this sMubolicall}, and u;>e l!ie 
result to M)taiu the twist (or 40, So, and 12u lea yarn.' 

Auk. ' 1 ' " where I' - twist, C -- count. 

'7*8(). 21 *91. 

11. ’The speed of a f ertain class of hmms (up to approxi¬ 
mately loo-m. rc'cd space) in i>icks p(*v minute is equal to 
the ditference between a const.ml numl)er u)6 and the 
reed space of tlu‘ hmm. hWpfess this as an equation, 
and find therefrom the speed of .1 qtvin.’reed-space laom, * 
and a 92-in. I ced-space loom. I’ — picks. C = constant. 

K - reed space. 

.■I//.S-. V =n C - R. 

* iv'- 1^ " 19b — R- , 

150 picks por ininule. 104 picks per minute. 

12. If ihe^actual speeds^tof certain types of looms^vai|y 
inversely as tho sq. ropt of the reed spa'ce, whalf should be r 
the speed of a 92-in. rded-space loom if 150 picks per 

'minute it a suitable speed for a 46-in. reed-spiire Joom? , 

4^ 106 picks per mihute. 

\ * * 

Chapter V, pp. 16 23 ^ * 

f 

I. The overall floor-spaoe for' a heaJy jute ck,5«l is» 
9 ft. loj in. by 15 ft. 3 in. Find tfte area occupied is 
squrfre feet. 1 ^ /l«a. .'50*91, sq, ft. 
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2. Th<^ove*ali^loor-spacf lor a -'8o spindle, 
rinjj spinninj^'^-ft atne {140 spindles on each side) is 31 It. 8 in. 
by 3 ft. It 40 nnichincs are to be arran^-'ed iii 2 rows of 
20 each, with 5 ft. between each pair ot machines^ 4 in. 
between end ot pullev-shaft and wall to enable pulley to 
be removed, O ^t. Jdt the central pass, and K It. at ^'ach 
end of the Hat, tind the Moor-space requited. 

.In.s. 11,070 s(j. It. 

f. .A piece ot cloth is 40 in. uide .ind |{X) )d. lon^^ I'ind 
Ms value if a ^(juar(*\ard costs y/;/s. iM, 13'. 4//. 

4. How many yards ot 27-ifu'h catpetniL,^ would be 
te(|Uiied to cover the floor ot a rectanj^iil.ir room 12 It. 
by 16 tt., no*i»ilouance being n ade fur fitting-, ^c. 

* -///?. 2 'S *4 t \d. 

5. In .1 )ute bleaker card, b ft. uide, 40 lb. ot material 

are so.ead (^vir a length of i \ \d. hind tlie weight ot 
ntalein.il spie.id on tin* leed-cloth in poiinits pei sfjuate 
)aid. 1 • 53S Ib^ per scjii.-ft'c yard. 

() A small sample of bleaclu'd union buck (huckaback) 
measures 2,' in. by ij in., and weighs ii*7 gr. If the 
cloth is 25 in. in wadth, find its weight in ounces per yard. 

yt/is. 3 o/^ per )ard. 

7. Two drop-curtains for a small stage .ire to be m.idc 
fri^n cotton cloth; the \gidth ot the stage (as well as the 
fin’shed width (.ft the 2 curtains) is 20 It., and iho height 
ot the upper surface of the curtain support Irom the floor 
is 10 ft. It 6 in. <‘Xlra are required at the top for a diaw- 
^ot, and 3 in. at the bottiMii and at eacli suie of the 2 
curtains for hems, find the total area of the^.i^Vitli required 
in square yitrds. • ' sq. yd. 


Chapter VI, pp. 23 30. 

% 

I. A yarn chute is to be ereefed between two mill build¬ 
ings 40*ftf apart, from ag>oinl 30 ft. from ihje ground on 
one wall to a poin^ 10 ft.# ab()vatf",tlic ground on the^the|| 
Wall. Find th% length of the chute (MAside the walls. 

• o ’ • * • ■H-72 ft. 

^The falWrs in a ilax spread-board lie nr* angle of 
20 mill. l<»llie horiAintal. At what angjc do the) 
lie tq the vertm..|l.2 Ans. 75 deg. 40 ipin. 
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3. What would be the area of a iriilligular icraper of 
side, and how many could be cut from a piece of 
slieet steel 25J in. lon^ by 15 in. broad, ne^lectiiii^ any 
wasftj due to cutting;’.'' 

Ahs. 2*706 sq. in. 130 complete scrapers. 

The end wall of the upper flat of a* factory is 30 ft. 
wide, to ft. hij^h to the iafL(u's, and'icS ft. from tlie (loor to 
the ridg'e ot the loot, all inside measurements. FiiuVthe 
cost of paintinj^ two such end walls at, 2^/. per square }ard. 

^ A^is. i 5.v. 6'j^/. 

5. d'he area ot a triangular plot of ground is 600 sq. yd. 

Kind the length ot the base if the pelpend^cular between 
the base and the \eitex is (x) it. (xi j-tl. 

6. .A firm ot iileachers is otfered the use ot a trianj.jular 
field, tile sides of which measure uS, 27, and 29 cliains 
respectively,‘tlu^ rent bcinj^*- /3I00. The firm has .fiseady 
been otlered equallV suitable ^o ound at ^4 per acre. Which 
otVer should be accepted? 

A/is. The first, since it is fully 4.9. 34c/. per acre cheaper. 

7. Make use of tht information j;i\en in ICxuntpIc ig, 
p. 30, to deduce a special formula for* finding the area of 
an equilateral tiianj^le, g'ivcn the len^dh of one side. U^e 
this formula to check the result found in Exercise 3 above. 

yhis. If .A — area, and u — side, then A = s/'i -• 

8. A rope pulley rim is to be built in four sections atti *4 
bolted to a‘A’i eel 14 ft.^ 2 in. in diameter. The four joints 
are to be machintj^, ^;nd, in ordet to mark off'the limits df 
the machining,fit is necessary to Know the length of the 
chord. (Sed'definilion of c*liord in Cha^. X). ^f th« uifs 
finished bore of the rii^ is 14 ft. lA in. in diameter, find the 
length of the chord. 

• t ■ - .. < 

A»s. Chord = ^ 84*7%; in.- = 9 ft. ii«9*hi. 

9. An isosceles tfianglo has two sides, r^jeh ft., arfd 

a base of 7*4^4 ft. Find the altitude. A*ts. 2*5 ft. ' 

10. Find the area of a trjangle, the baAte of whi^h is < 

7*484 ft.^ and the vertical height 2*5^ ft. •'* 

, 0 - 355 ft; 
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Chapter VII, 


PP- 30 37 


I. The diaj^'onals of a rhombus iut<*iseet ,ij n^lit ay^lcs, 
hence, obtain a formula for the are.i of a rhombus in tiMins 
of the dia^^onals^ ^ 


Noik.—A rea of tritin^^le — 


base X ailitnde 


A/js. Let A 
ihAt A 


area, //, and //. 

i/, ii, 


the di.ii^onals, 


2. 'rite are.»of a parallelo^'-i.im is (><» s(j. ui., and its 

bast* measines ;o tt. I‘‘md llur pei priulu ulai distance 
bet\v»*en two parallel sales. .l//\. 2711. 

3. rhombus of i6*ineli side has an altitude of 15 in. 

Kind area in square feet. . 1 /^. ij-J sq. ft. 

4. A size- or slarch-lrou^h for a dressini^-machine is 
shaped in section like a trapezium, 12 in. wide at the 
bottom, and j 8 in. wide at the lop. Il the full depth of 
the trouf;h* is 9 in., find the arOH of its cross section 
(equivalent to the vnd) in square inches. * 

.. ./hs. 135 sq, in. 

5. Find tlie r»iU, at per acre, of a mill site in the 
form of a trapezium, one diat^onal of which measures i8 
chains, and the off-sets from this diag'otial to two opposite 
vertices being lo chains and 9 chains respectively. 

^ Ans. .£.25^, lOJ. od. 

* 6. A trapezium AltCFr has a diagonal .AC fxr ft. long, 
’while sides AB and BK are respectively jjo ft. ajid 40 ft. 
in length. If the.off-set from‘point D to .AO's 35 ft. long, 
find the area in sqnare yards. ArisAizb-^ sq. yd. 


Chapter yill,tfp. 37-41 

• * • ’ # . • 

1. fvcxagic*ial bar of brass, used in maknvr nuts for 

the •starch.^oxes of dressing-machines, mea.sures I in. 
acrjjBs’ one fade, and 8 ft. ii^ length. What, is the weight 
eiin pounds if i cu. ft. of brass weighs 518 lb? • 

Ans . 57.241b. 
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2. A rej^ulur hexagon is composed of ^ eq*ual equilateral 
triangles; deduce a special formula for finding the area. 
(Refer, if necessary, to p. 28, Chap. VI). 

• A us. 2* 50)8^2^ 

3. Use th(! iormula 2*5c)8/»“ to find the area in square' 
fee^ of a regular hexagon of 18 in. sidu. t 

^ Aus. 5*846 sq. ft. 

4. If, in a dust-extraction plant, 1 sq. iji. of pipe area is 
allowed for each 20 cu. ft. of air passing’ per minute, ^hat 
volume of air in cubic feet per hour’will |^ass through a 
hexagonal pipe ol 6-in.« side? 

I I2,233‘6 cu. ft. per hour. 

5. On a suj)p<isition similar to that in (Jitlvstion 4 above, 

find the length of side of a hexagonal pipe which will pass 
KK>,ooo cu. It. of air per hour. 5*6l^>3 in. 

6. Construct to any suitable scale a regular hexagon of 
()-in. side^ add letter the vertices A, H, C, I), E, F, Hid the 
centre O. Draw ftic 3 di.igonals .AD, Bit, and CE, divid¬ 
ing it into 6 equal equilateral tiiangles. Find the area of 
the hexagon, and prose that it is equal to twice the area 
ot the triangle obtained by joining AC, CE, and EA. 

7. An ooT.agonal dyeing-reel is ma4e of pitch pine; the 

width of each lace is 2 in., the width across the flats is 
4-828 in., and the length is 4 ft. ^Find its weight in pounds, 
if 1 cu. fo(.)t ot pine weighs 34} lb. 18*37 l^. ’ 

8. A i2-)d. circumference vertical warping-niill has 
24 spokes. Find the floor-space occupied in square feet, it 
being given that the perpendicular drawn from the cenWibe 
to the centl*el)f one ofj[he sides is 5 ft. 8^ in. 

4, ' Afis. iO£*56sq. ft. • 

f ' 

Chapter IX, pp. 41-fA 

f 

, I. The centre po.st of a vertical warping'-mill is 2J in. 
diameter", tljc cord which is wrt^nped round the* post bein^ 
,J in» •'iameter. What lAigth of cord, will the centre post 
give off or take Jii in 12 revolutfons off.yie mill? U.^e 
ir = 3.14. ‘ A nSf 89 • 49 in. ' 

i. A main, drivinpj-belt pulley is 8 ft. !« diamete*_and^ 
runs at vx) revolutions per m'lnute.* Find the speed df thft 
belt .in feet per minute. ^ Use ir = If^aeother 
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pulley 04 the sai^e shaft is to have a boll speed ol jixjo It. 
per minute, what should be the diameter ot the pulley? 

Ans. 2512 ft, per minute. 7b-43 in. diameler. 

3. A roving-frame delivers / inches of sliver per itiinule 
per spindle; the sliver is twisted by the flyer and coiled 
regularly upon n rave-bobbin. Kind the etiective spewJ of 
the bobbin when th^diameter over the, earn is x inches. 
Then use the expression obtained to find the actual 
effective speeds ot the bobbin when / is 800, and .x is 2 in., 
3 in., and 4 ii^ diaitieter. 

/ • 

Ans. r.p.m. > 27 ' 4 . dj-g, 63-7 r.p.m. 


A beam ot cotton )arn weigdis 130 lb. net. The 
diameler of fne empty beam is 5 in., and the diameter 
over the beam pins yarn is 14 in. What xxeighl of xarn 
would be on the beam when the diameter ove| the ptirlndly- 
lllletl^eam is 10 in. \ ^ . 

f>3'8 lb. with logs. 
t>3*7x) it), ordinal) method. 

5. A ivarp-beam is 6 in. diameter and has 24 in. diameter 
flanges. It is intended to put a cliain ot 10 cuts (pieces) 
upon it in :t dry berming-inachine. After theaiirst cut has 
^>een betuned, it is found that the diameler over the yarn 
IS qj in. Will the warp 4 >eam hold the 10 cuts? 

Ins. No, unless “ piling” is resorted to. Ihc sectional 
area = 540 sq. in., i cut occupies 34-25 sq, in. sectional, 
hence 10 cuts would occupy 542-3 sq. in. sectional. Room, 
4jithout piling, for 9-954 cuts. 

6. The yarn on a warp-winding^bobliin («et Exercise 2, 

IChap. XIIl^ weighs ij I'o. and cont*in,‘*24 leas of 300yd. 
each of 16' linen yarn^ the volume ot ya»n on the bobbin 
♦s (17-75^11. in. ^.Sce Exercise 1, Chap. XIH). Kind the 
approximate dian^ter of the yarn. • * 

* ,lns. -01824 O'" IS 'r>- 


7. *Phe diameter^ d ofja lin|n xarn is ecfual to^ 

where kis, acfcnstant under given conditions, -nd c is the 
a)ufit of tHt yarn in leas of 300 yd. each per poni*d. 
k i^en c is 't6.1cas*per (^ound, and d is.-oiS24. ’(S 
■ Exercise 6 above,*and Exercises 1 and 2, Chap.«Xlll.) 

Ans k = i3>-7i. 


Kind 
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8. If the actual value ot i in Exercist 7 ia i&, find the 
rc.il (llametcr of ifV linen yarn. /Ins. in. 

i). «J)educe, a rule to find the arvav of a circle in terms 
ol ils circunilerence c. Then use it to find the cro.ss- ' 
sec^onal are.i of a .f'"' rope, iiotiuj^’ tjiat rope-makers 
measure ropes by the circumferenci^s of the latter. 

/Ins. = -oyosSc- = •08c-. -72 sq. i«. 

4vr ' • . 

Chapter X, pp. 56 64 

1. A top roller tor a lisif in a loom moves tluouj^^lt an 
atij.;le of 270 dee., and with the thickness vA' the stiaip h:is 
an etlective diameter of 2 m. l-'ind the length ot the strap 
^iven oil when the leaf ilesceuds, and leui^th taken on 
when the.leaT rises, i.e., j'lnd the travel of the leil." 

/Ins. 4-7124 in. 

2. .\ top roller is tittached Ivy a strap to a leaf which 
has a 4-in. travel. Eind the effective diatneter of the top 
roller if the are of movement must not exceed 285 deff. 

.Ih.v. i'6o8 in. diameter. 

3. The bretist betim of a certayi loom is 48 in. wide anfl 
the Iront is convex in shape; if the width at the end^ of 
the breast beam is 5 in., and at the centre 5I in., find 
the radius of curvature. 

/ins. 64-0156 ft. or 64 ft. o,"j in-^ 

4. Refer Fifj. 45 ^nd to Example 63, and find the 
complete volume •of Mte vertical* kier, remenibering; thaf, 
the voluinc occepied by thj pnflFctApipe or vomiting-pipe 
in the centr^ must be deducted. 

• t 

dwi. Segment EGH 14-661 cu. ft. 
Zone DEKI, 13-7^9. ,, 
Segmenf ABC .4-404 
' Cylinder AGifl- 8-377 „ 

Cylinder EFHX 2^#-j95 

266-406 

Puffer*pipe «' i-8i6 

Totjil Su.*ft.- 
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5. If the clollilin the vertical kler, fit:. 45. nccnpies tlio 
cUuidrical portion only, i.e. KI-'flK, find what tiactioii 
ot tiic total cubical contents is represented by the .ibove 
^ cylindrical portion. • 




2-’4 0)24 
2()4.5<>o 


•84%). 


6. riie section of a I.anc.isbiie tanlrr is <) ft. diameter 
ins-^e; it Ijie level i)f the water is 2 It. from the lop, find 
tile width across \Wii surface ol tin- water, i.e. the chord. 
Let c = J cltord; /i — itei^'-lu ^'>'■'1 w.iler level to top; 
r = radius. (Consult hxampfi* 40). An\. 7*484 tt. 

7. 'fhe Ie\(J or surface ol u.it<‘r in a <> It. I.ancashire 
boi<h“r is 2 ft. lioni the top. This level ot water rejiiesents 
a chord cqu;^< to 7*484 It. (see answer to Ouesiion 6 

^above* If the two r.idii dr<i\vn to tin* two ends of tlie 

chord make an anj;le of 180 — (2 X 3^^ dei;. 45 min.), find 
the of the se^>'menl. ^ ^ .his. 1^-84311. 

8. A sector in a 9-ft. diameter circle sul)tends an anj^Ie 

of 112) de^,’-. h'ind the area. .his. 10*87 sq. ft. 

9. In connection with Ivxercise 8, find the dilhu'ence in 
area between the sector and that of^he hemisphere. 

/his. Hemisphere ]i*8osq. It. 

Sector 10*87 sq. It. 

DitVeieiHe I 1 *94 s(j. It. 


10. The area of a sector of .1 circle rs i<>*87 sq. ft., and 
t^e area in the Irianj^le below the choral ol sm h sector is 
9*355 ^ 9 * f^* VVhat is the area of the scotur-rl above the 
Kiangle?* • * 9 An^. ro‘4i5 sq.ft. 

* ti. A cylindricaUboHer of the lamcashre typt* is 30 ft. 
M Iwijth by 9 ft. Jn diameter; tlie two flues Vliich extend 
from end to end olShc boiler are eac|j 3 ft. 5 in. in diameter. 
If the volume above th(!^i;vel ^ the water In the boiler js 
sq. ft. X 30ft.), calculate thft approxi¬ 
mate number of j^^llor^s |of wa#;rdn the boner, tbe^ 
volume occupjqji by ft. * 


Am. 


boiler — vol. of^ubes — vol. of segment 
igo8 - • tto - tisMt 


55 ° 

-«H2-s5^ 6-25, 

• 


3 > 5-45 
6516 gall. 


= cu. 
io42''55- 

« 
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Chapter XI, pp. 65-6?t 


1. ^\ spur-wlieel has uo lecth; if the diametral pitch 
is 6, what is the diameter of the wlieel? 

Ans. 20 in. 

• • 

2. A wheel of lo in. diameter ha-^ 6 teeth in 3*1416 in. 
of the pitch circle. How many teeth arc there in the wheel? 

,Ans, 

3. 'I'he diameter of the pitch circle of a#vvheel with 60 

tet'lh is K> in. Kind the circular pitch and the diametral 
pitch. Ans. *5236111.; 6. 

3. If cast-iron moulded ^'•car-wheels should not hale a 
rim-speed (taken at the pitch circle) ^Meat(^ than rooo ft. 
per minute, what is the largest number of teeth of No. 4 
pilch requirt^l to run at 200 r.p.m. 

• ^ Ans. 76*4, i.e. 76 t^^c^h. 

5. The crank-shaft pinion of a loom has 26 teeth, No. 3 
pitch, and ^''ears w’ith the bottom or low shaft-wheel of 52 
teeth. Kind the distance between the shafts, centre to 

centre. * ^ins. 13 in. 

• 

6. A spur-wheel of ()6 teeth, i.l in. circular pitch, runs 

at Kx) r.p.m. Kind the spei^d^it the pitch circle in Veet 
per minute. i2(xfft. per minu^. 


7. Deduce a rule for converting' diametral (or Man¬ 
chester) pitch into circular (or true) pitch. Use it to find 
the equivaleiU in circular pitcli of No. 2 diametral pitch.^ 


Ans. *1^, *5708 circular pitch. *, 

8. The overtill or ^itside diameter ^at poinfe of teetTi) 

rf a spur-wheel = ^ ^ wbore N is the number of 

* . * ■ ' * . * 

leetli^, and is the, d^HtinetraJ pitcj||. Find the* outside 

' diameter of a spSr -pinion of i8» teeth, i j in. circular 
pitch. * . .'Aij T*.958 in.. 
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Chapter XII, pp. 69 75 

I. Tho wcifjlils :in<i dinicnsions ol Ihnc difTficnt kinds 
of bales coiitaininj;;- rnttoii librc arc : 

1 ' Indian: in*'I'x 4.S in. x an in. X iH in. 

li |■■‘;\|)ll.tll :• yao lb. 41 in X 41 in. X aa in.* 

U = Miaailian. axi lb. .(9 in. x an in. x iK in. 

F*om the^abiuc particulars, calculate: 

1. The voUii^ie int iibic leet oi cnpied by eacli. 

.ii/.i. I — to. fi an* 14. H -- ln*ai. 

2. Tln-ir relative densities in pnunds pel cubic loot. 

•li/.v. 1 s- 39‘t) I. .\v 77 * 

4T The specilic pravilv nl the lotton in the baled state. 
Nn i:. I'se ijnb's n/. pei cubic toot ot watei. 

1 ■■ 1 ', -- *574 1 FI ' tlsit- 

4. •'ftie v\ei}4lit Ilf each kind c Vrried ))ei Inn mb', 1 ship¬ 
ping ton reckoned eipi.d to 40 i u. It. 

,l;/r. I - I 4-14;, cu t. li ia'775 cut. B -. 7't>9(ie\\l. 
2. A rino ■spinninfj-lV.iiue packed for shlpinent weip-hs 
147 cv\ t. amf ineasiiies cu. it. Il%40cu.lt. — i sliippin44 
Ion, will the IreiphtJH' charged on deadweipdit^ir nieasiire- 
ipeiit-' a///,v. 147 cwt. - 7 tons, 7 cvM. b\ vveijsht. 

ijcx) cii. (!•_ |,i I,JUS, by measurement. 

40 

I'reiohl would be charged by the latter. 


The inside measurements of a rectangular tank are: 
15 ft. long, to ft. broad, and 5 It. det4r-«llow many 
tjallons of water will it lifild, il (>} .g II. yeeupv 1 cu. tt. 

^ • ./;*v 49^7} gall. 

’%4. *riie ^ank mentioned in lixercise 3 is to fce sunk level 
with the ground. * How inanv cul|ic yards must be ex¬ 
cavated if the sides, ei^ 4 ^ aiid bottom aie 3 in. thick? 
What,^\Ce(|:ht of earth in tons will be repjovtd, if its 
density is 90 lb. par cub*; footf. • 


* ,!nj. 31,65 cu. \d. 34.^43 tons. 


4. farin* size or .st'arch mixture equal to 236 galU is made 
froijlwzb lb. of farina, c lb. of gloy, and 200 galL <4 w^ter. 
(iV’hSr is the probaHle specific*gravity of the starcUmixTlire? 
Take.1 jj^ll. qtwat^r = to lb, Ans. -9038 B-g. 
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6. Textile machiiieii)' is packed for shipment in (f cases 
of the following- dimensions: • * 

(1) 4' 6" X 3' 2" X 2' 6 " ( 4 ) & o" X 2; 7" X 2; 2;; 

(2) ,5' 5" X 3' 10 X 2 4 (5) 17 l' X I 5 X I II 

(3) 5' 5" X 3' 'O" X 2' 7" (6) 15' 4" X T 7" X T 8" 

Fin^ the shipping weight when 40 c«. h. = 1 shipping 
ton. Arts. 6-45 tons. 

Chapter XIII, pp. 7<i-84 

1. A warp-winding bdbbm has 4-in, diameter flanges, 

I-in. diameter barrel, and is 3;] in. between the flanges. 
When the bobbin is Just full, i.e. the yarn‘level with^thc 
fl.mges, it contains 24 leas of 16' bleachc^ flax or linen 
\arn. Calculate the apparent number of cubic inches of 
yarn on the bobbin. Use ir =-. 3-13 16. 

• .•l//f. i'7-74 at. in. ti 7'75 cn. in. by lygs. 

2. If the bobbinInentio/ed in Fxercise i holds i| lb. of 
yarn, find the specific gravity ol the \ain in the wound 
state, t.iking 1 cn. It. of water to weigh 996-5 oz. 

.hiv. -6142. 

3. Kind % formula tor determining |he whole area of a 
hollow cylinder. Use it to find the weight of sheet-lead, 

in. thick, required to covfsr coinpletely a hollow cylindtA" 
open at both ends. The external diametiv of the cyliiider 
is 24 in., the thickness is 2 in., and the length is 48: in. 
The lead weighs -406 lb. per cubic inch. 

rr(D -t- ,/) (/ -i- 175-4 lb-' 

• * • 

4. The worker Rf a'fl.ix card is ;;ft. 11 in. wide between* 

its flange's, :gid*5 in. in diai-Rcter. Find the length of^caijl 
clothing, or fiKeting, 2 in. wide req^^red totcover its 
surface. * •A/is. ^-47 d. or 46 ft. 5J in. 

"5. The.pressing-roller of a jufe drawing-fram^ measure# 

8 in. ejiameter by 6 ip. _^vide. J Neglecting overla'p, find 
'the area in .square filches of the leather required to covqr 
* CQmplctelJ its curved surface, l^se r = 

^ • Ans. 150-7968 sq.'in.. 

AjcTTie liofe of a drain-pip» fron^a ^'ttshing-machSrt; is ‘ 

in.^diameter; if the water passes through it at^the rate 
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of I ft. per Second, how many ^sAions will it discharj^e 
per houf? Afis. 1104*48 gall. 

Chapter XIV, pp, 84105 

1. The separator of a diist-exlr.iclion plant is m;ule in 
two parts: a cylindrical lube, 10 ft. diameter by 3 It. Seep, 
and a truncated cont: (or fiuslum) 10 It. diameter ,al one 
enc^ 18 in. diameter at the other, and vertical height 12 It. 

• I'md its crfjiacity in^cubic feet .l/n. (x)3*()cu. It. 

2. Find th(*number of scpiare jeet of galvanized iion in 

the above separator, making no allowatV es lor waste in 
cutting, joint^, &<:. Jf/s. 324*2 sq. ft. 

On a hou/ontal line \U as dianutei, and to any 
suitable scale," const nu t a sfanicircle (»t 30 in. r.adius. At 
•right .o gles to .AH nuM'-ure 13 in., and thiongh this point 
draw a chord Cd) p.tralh'l to AH. At a further distance 
of ti in. above Cl) draw .1 Vecond j;ai allel ^hotd I.!*', 
leav ing a sc-gment (1 in. high. Ian the semicii clcMc'present 
tin* elevation of a hemispheie. Measure Cl) and Fh' very 
earefuliv index'd, 'rin-n usr the various lormnhe discussed 
in ('hap. Xf\\ and prov e, by sobstilotion, th.it the volume of 
the hemisphere e(ji*als tlie sum ol the volumes ol the two 
zones and the segment. 

.SN.H. - slight ditfer(^ice*may be found which will he 
to inaccinafcies of measiirenuaU. 

4. An army bell-t«-nt has dimensions as in h'ig. 39. 
Find Its capacity, and the numbei of cubic fecn of air-space 
available for each of the 8 men who occupy It. 

An^. 3i4*jbcu. ft. 39*27 cu. tt^j^ei person. 

* 5. The fftllowing four expressio^ts appear m different 

^places for the \al%o the vailume of a#>egmeat. Prove 
ttaffthey are of ^ual value, r = radiu‘^ diameter; 

h ~ height. \ 

(•) 

(3)* ’ll.!'''''' - 

*■ . • ,. 

T 4 ) ,(3''-''')- 
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6 . If the formula® 1 *()r the volume a segment is 
(3^ ” prove that when fi is equal to the diameter, 

or*^\w.:e'thc radius, the above formula assumes that for 

a sphere, i.c. 

' 3 

7. The formula for the volume of a sphere — 

The formula loi llu; volume ol a hemisohert* — 

3 

\’olume of hemisphen* — xolume ot /one — \ohime of 
sej^menl. 

If the lormula foi (he volume ol ,i /one bts 

N 3 , 

prove that; ■ 

iirH* - '7r(/- - //)(,;/- - (r- //)-’| = (^r - /(). 

3 vV 3 • 

8. Hn or^^nary ‘^''al\ani/(‘(l-iron bucket is 9 in. deep, 

12 in. diameter nt the lop, and 71 in. diameter at the 
bottom. How many j.;,illoi>s ot u.iler will it hold 
filled to the top.-' " 2*474 gal^. 






